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(54) TWe: PROBES FOR AND METHODS OF DIAGNOSIS FOR MUSCULAR DYSTROPHY 
(57) Abstract 

The invention relates to a muscular dystrophy (MD) probe comprising a substantially purified single-stranded nuc- 
Idc add sequence capable of hybrididng to a region of DNA on a human X diromosome between the deletion break 
point at Xp213 and die translocation break point at X;ll. The invention also relates to a 14kb cDNA corresponding to 
the comply MD gene and probes produced ther^rom useful in genedc methods of diagnosis of MD. Ftirthermore, the in- 
vmtion relates to tiie polypeptide, dystrophin, whidi corresponds to the MD gene product, and antibodies thereto that are 
usdU in a variety of methods for immunodiagnosis of MD. 
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PROBES FOR AND METHODS OF 
DIAGNOSIS FOR MUSCULAR DYSTROPHY 
Backgroimd of the Invention 
This application is a continuation-in-part of 
5 U.S. Patent Application Serial No. 890.694 which is 
incorporated herein by reference. 

The work reported herein was supported by 
grants from the Uhited States government including 
N.I-H. grants HD 18658 and NS23740. The government has 
10 certain rights in this invention. 

This invention relates to the detection and 
treatment of hereditary disease, and in particular to 
the detection and diagnosis of Duchenne, Becker and 
Outlier muscular dystrophies (MD) by various methods. 
IS Duchenne muscular dystrophy (DMD) is an 

X-linked recessive genetic disorder which affects about 
1 in 3,300 males. Traits associated with DMD (DMD 
phenotype) are well known and may include elevated 
creatine phosphokinase levels in serum (at least lOx the 
20 normal level) # delayed development of motor function, 
and muscle weakness characterized by the replacitent of 
muscle fiber with adipose and fibrose tissue accompanied 
by a marked variation in muscle size. Until recently, 
carrier identification in DMD families generally was 
25 accomplished by detecting elevated levels of creatine 
phosphokinase in serum. 

Becker muscular dystrophy (BMD) is also an 
X-linked recessive graetic disorder, but occurs at only 
10% of the frequency of DMD. WSD is a more benign form 
30 of muscular dystrophy vdiich follows a less rapid 
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clinical course than DKD. Both DMD and BMD are caused 
by mutations in the DMD gene located in the Xp21 region 
of the short arm o£ the human X chromosome. 

Outlier muscular dystrophy (OMD) is a mild 

5 Duchenne/severe Becker disorder. It £orms a subgroup 
that con^rises approximately 10 percent of individuals 
inflicted with DMD. 

Restriction fragment length polymorphisms 
(HFLPs) occxir when the genomic DNA sequence in a 

10 population of animals varies such that con^lete 

digestion with a restriction endonuclease will result in 
a set of restriction fragments of one or more different 
size arrays. The differences are due to the presence or 
absence in the DHA sequence of sites recognized by the 

15 endonuclease; a sequence in which the site is present 
will be cut by the ^idonuclease giving one array, and a 
sequence in which the site is not present will fail to 
be cut by the endonuclease, giving another array. 

It has been shown that HFLPs which are located 

20 near a gene associated with a hereditary disease can be 
xxsed to determine the likelihood of a particular person 
having a defective gene and thus having the disease. 
Bakker et al. . The Lancet, March 23, 1985, at 655 
describes "eleven RFLP-markers — on the short arm of 

25 the X chromosome [that] are useful in the diagnosis of 
DMD since they bridge the Duchenne locus at genetic 
distances varying between 3 and 20 centiMorgans. " 

Summary of the Invention 
Applicants have cloned 14 kb of human cDIilA 

30 substantially corresponding to the MD gene, and parts of 
the surroxjnding genomic DSA. Applicants have also 
isolated and characterized cI^A corresponding to the 
homologoiis locus in the mouse. Dystrophin, the 
polypeptide product of the hisnan MD locus, and its mouse 
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homologue (nMD), has been identified using antibodies 
directed against fusion polypeptides containing two 
distinct regions of MD and mMD cDNA. Parts of the 
con^lete MD cDNA and surrounding genomic DNA were also 
5 used to define RFLPs in the Xp21 region of the short arm 
of the X chromosome that are useful in diagnosis of MD 
mutations . 

In a first aspect, the invention features an MD 
probe having a sxibstantially purified single-stranded 

10 nucleic acid sequence capable of selectively hybridizing 
to a region of DNA on a hxmian X chromosome between the 
deletion break point at Xp2l.3 (defined below) and the 
translocation break point at X;ll (defined below). 
"Selectively h^ridizing" means hybridizing to the 

15 desired sequence under conditions that are sufficiently 
stringent to generally prevent hybridization to other 
sequences encountered in the san^le. "Substantially 
purified" or "substantially pure" means a sxibstance that 
is sufficiently separated from other elements of the 

20 environment in which it naturally occurs to function in 
assays according to the invention. 

In preferred embodiments, the nucleic acid 
sequence is incapable of selectively hybridizing to 
other parts of the short arm of the X chromosome, i.e., 

25 the region of DNA between the deletion break point at 
3^21.3 and the p terminus of the X chromosome, and to 
the region of DNA between the translocation break point 
at X;ll and the centromere of the X chromosome. 

In an additional preferred ^nbodiment, the MD 

30 probe has a nucleic acid sequence of at least 10 base 
pairs in length from a portion of the sequence of any 
one of the six cDNA probes, that together span the 14kb 
cDNA corresponding to the hximan MD gene, deposited on 
July 15, 1987 with the A.T.C.C. xinder the twelve access 
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numbers 57666 to 57677^ inclusive. Each probe is 
deposited in a vector in coli and in the form of a 
pxirified plasmid. Hence, each probe is available under 
two access numbers. 

5 In a. second aspect, the invention features an 

MD probe having a stibstantially purified single-stranded 
nucleic acid sequence capable of selectively hybridizing 
to at least a part of the human MD gene. The human HD 
gene, as used herein, is that portion of human DNA on 

10 the short arm of the X chromosome in which a mutation 
can give rise to an MD phenotype. Exons in this DNA are 
substantially represented by the 14 kb cDNA deposit 
discussed below. The sequence for most of this cDNA is 
depicted in Fig. 5. The invention also includes probes 

15 directed to or derived from genomic DNA, including 
intronic sequence? in the MD gene. 

In preferred einbodiments , the nucleic acid 
probe sequence is incapable of selectively hybridizing 
to regions of DNA outside the MD gene. 

20 The probe of the invention caa be used for 

analyzing a sample of genomic DNA of a human subject for 
the presence of a mutant MD gene. 

In a third aspect, the invention featxires a 
method for diagnosing muscular dystrophy in human 

25 patiaits involving contacting the probes outlined above 
with a sample and detecting whether these probes 
hybridize to nucleic acid in the sample. 

In preferred aobodiments, a series of probes is 
used in the method of diagnosis, in which the series, in 

30 combination, spans a 14 kb sequence of HD DNA or BNA, 
enccHirpassing an HD gene* For example, probes according 
to the invention are used for detecting HFLPs that are 
closely associated (linked) with mutations in the MD 
qeae causing an HD phenotype. "Closely associated" 
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means that the likelihood of a genetic recombination 
event occurring between the sites of an RFLP and a MD 
mutation is very low (less than 5%). The advantage of 
such probes is that one can use them to predict, with a 
5 high degree of confidence, the probability that an 

individual (within a family with a history of MD) having 
a particular RFLP phenotype will also have an MD 
mutation. 

In a fourth aspect, the invention features a 

10 sxibstantially pure mammalian polypeptide, dystrophin, 
encoded by an MD gene. This polypeptide has both human 
and murine forms. The invention also includes 
substantially pure polypeptides that are immunologically 
cross-reactive with dystrophin, or which have 

15 siibstantially the same amino' acid sequence as a 15 amino 
acid sequence of dystrophin. By "polypeptide** we mean 
to inclxide large polypeptides and proteins. 
"Substantially the same" means that the amino acids in 
such a sequence may be substituted by other amino acids 

20 having equivalent side groups, i.e., conservative 
siabstitutions are permissible. 

Two polypeptides are immunologically 
cross-reactive if they are bound to the same specific 
antibody or family of specific antibodies. Particularly 

25 xxseful types of cross-reactive polypeptides are those 
that can be used to challenge an animal to produce an 
antibody that reacts with dystrophin. The invention 
also includes polypeptides that are useful for 
coinpetitive assays, i.e., polypeptides that conqpete with 

30 dystrophin for bixxding sites on specific antibodies. 

In a fifth aspect, the invention features 
substantially purified nucleic acid encoding dystrophin, 
or polypeptides immunologically cross-reactive with 
dystrophin. 
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A preferred embodiment o£ this nucleic acid 
comprises an approximately 14 kb pair sequence of cDNA 
or SNA corresponding to a nucleic acid secpience of a MD 
gene, or fragments thereof greater than 45 bases. This 

5 nucleic acid may correspond to a hxsnan MD gene or a 
murine Dmd gene. 

In a sixth aspect, the invention features 
antibodies to dystrophin or polypeptides that are 
immunologically cross-reactive with dystrophin. 

10 The invention also includes the use of these 

antibodies in a method of i mmunodi agno sis for MD 
involving contacting a sample of tissue (particularly 
muscle tissue) with one of these antibodies and 
detecting the presence of antibody-dystrophin 

15 complexes. Comple^s that indicate the presence of 
dystrophin of normal size and abxmdance in such tissue 
generally indicate the absence of ND. This aspect of 
the invention includes the numerous well-known formats 
of immunodiagnostics, such as ELISA, and Western blots. 

20 In one onbodiment, this method is performed by comparing 
the molecular weight (M.W.) of dystrophin, or fragments 
thereof, that are detected in the complex to the 
molecular weight of a normal control dystrophin 
polypeptide. In this method, the presence of fragments 

25 of dystrophin, i.e., dystrophin of abnormal size, or the 
complete absence of detectable dystrophin, indicates 
MD. A normal control is established by repeated 
analyses of the <^tro^iin polypeptide foxmd in normal 
individuals without MD or individuals without MD related 

30 dystrophins. 

In general, the normal dystrophin polypeptide 
is approximately 400,000 daltons in size ^t^^ is absent 
or undetectable in DMD patients. However, BMD patients 
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and a small percentage of patients diagnosed as those 
with DMD exhibit dystrophin of an abnormal size, i.e., 
in the form of smaller M.W. fragments. 

In a preferred embodiment, this method features 

5 the additional step of comparing the molecular weight of 
the san^jle antigenic polypeptide to the molecular weight 
of BMD and DMD controls. In this method diagnosis of 
DMD is made in the presence of a pattern comparable to 
the DMD control, diagnosis of BKD is made in the 

10 presence of a pattern comparable to the BMD control, and 
the absence of MD is indicated by a pattern comparable 
to the normal control. The BMD and DMD controls are 
established by repeated assays of dystrophin in muscle 
samples iji patients diagnosed as having BMD or DMD. The 

15 molecular weight of the dystrophin or fragments thereof 
are determined for each type of MD and are recorded and 
averaged to create a control pattern. A pattern 
"con^arable" to these controls is a pattern that is 
identical to, or stif f iciently similar to, these controls 

20 to allow a diagnosis of one type of MD, i.e., either BMD 
or DMD. 

The invention also features a method of therapy 
for MD involving the insertion of cDNA, or a fragment 
thereof, corresponding to the MD gene into a vector and 

25 reintroducing these genetically altered cells back into 
the patient. The cells are injected into the 
bloodstream or muscle tissue to produce dystrophin in an 
amoiint effective to control the degeneration of muscle 
fibers and to control the proliferation of connective 

30 tissue within muscle fibers. 

The methods of the invention can be used for 
prenatal (fetal) screening as well as in the detection 
of heterozygotic individuals carrying MD gene mutations 
but exhibiting no symptoms. 
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25 
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Other features and advantages of the invention 
will "be apparent from the following description of the 
preferred embodiments thereof, and from the claims. 

Description of the Preferred Embodiments 
The Figures will first briefly be described. 

Drawings 

Fig. 1 is a standard ISCN (1981) ideogram of 
the p terminal end (pter) of the human X chromosome 
showing the approximate positions o'f cloned DNA 
fragments and specific deletion and translocation break 
points; 

Fig. 2 is a diagrammatic representation of 
220kb of cloned DNA from the human Xg21 chromosome, 
showing regions deleted in some DMD human males; 

Fig. 3 is the DNA sequence of two parts of the 
HD gene used as probes of the invention; 

Fig. 4 is a diagrammatic representation of 
220kb of cloned DNA showing the location and size of 
cloned DNA isolated from librares of human chromosomal 
DNA; 

Fig. 5 shows 13 kb of the 14 kb nucleotide 
sequence corresponding to the human MD gene. 

Fig. 6A is a restriction map of the 14 fcb cDNA 
encoding the HD gene; 

Fig. 6B is a diagrammatic representation of 
cDNA fragments that in combination span the entire 14 kb 
cDNA; 

Figs. 7A and 7B are partial nucleotide and 
predicted amino acid sequences of hxman and murine MD 
cDNAs; 

Fig. 8 is the amino acid sequence of the 
dystrophin polypeptide. 

Fig. 9 is a photograph of a Southern blot 
analysis of genomic DNA isolated from a DISD family. 
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probed with pERT87-8, and a schraatic representation of 
the genotype of each family member, circles represent 
females, squares represent males, darkened areas 
indicate the presence of a MD mutant gene. 

5 Fig. 10 is a schematic of a DNA family 

polymorphism study (for Family A) in which each vertical 
bar represents an Xp21-p22 chromosome region, and each 
letter designates a different polymorphic DNA segment; 
Figs. IIA and IIB are photographs of 

10 immunostained Western blot gels containing muscle 
samples of DMD, BHD and €KD patients. 

Fig. 12 is a photograph of an inominostained 
Western blot containing muscle samples of HMD patients 
and normal non-MD controls. 

15 Fig. 13 is a set of charts depicting the 

distribution of dystrophin bioch»iical phenotypes. 
Human MD Probes and Nucleic Acid 

Probes of the invention contain nucleic acid 
homologous to DNA of the MD gene or to DNA from a region 

20 of DNA close to the MD gene. A description of the DNA 
region containing segments to which the probes are 
homologous follows. 

Referring to Fig. l, the approximate positions 
of previously cloned regions of the human X chromosome 

25 (D2, RC8, 99.6, 754, OTC C7, 324, and L128) are shown 
relative to a standard (ISCN 1981) ideogram of the short 
arm (p) of the human X chromosome. Also shown is the 
region of DNA deletion in the X chromosome of a male 
patient (BE) suffering from three X-linked disorders, 

30 including T3KD; the deletion is described by Francke et 
al.. Am. J. Hum. Genet. 37:250 (1985), and the cell line 
is available from Hxmian Genetic Mutant Cell Repository 
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-lo- 
in Gamden, N.J. (cell line repository number 6H7947A} . 
The deletion is defined by two break points in the DNA, 
Xp21.3 and Xp21.1. Also marked is a break point X;ll 
(p. 21.1; a 13.5), which is attributable to the balanced 
reciprocal translocation described by Greenstein et al . , 
Cytog. Cell Genet. 27:268 (1980) (cell line available 
from Hum an Genetic Mutant Cell Repository in Camden, 

cell line repository identification number CT11695). 
Break points Xp2l.3 and X^ll approximately 
define the boimdaries of the DMD gene, which lies within 
the Xp21.2 chrcmiosome band region. More specifically, 
the WD gene extends approximately 1x10^ bp beyond both 
the BB deletion breakpoint towards the p terminus and 
beyond the X;I1 translocation breakpoint toward the 
15 centromere. 

Following are examples of probes and nucleic 
acids suitable in this invention. These examples are 
not limiting to the invention and those skilled in the 
art will recognize other methods suitable to obtain such 
20 probes. In particular, the probes described below can 
be used to probe other libraries of other animals to 
isolate equivalent DiJA or KNA. 

Example 1: t>ERI87, A Gaiomic Clone 
In order to isolate the probes of the 
25 invention, a library of BNA from around the MD gene area 
was constructed by enriching for this DNA using 
differential hybridization. The procedure is described 
in detail by Kunkel et al., PHAS 87:4778 (1985). 
Accordingly, 250 ixg of DNA from the male patient BB 
was isolated, sheared by sonication to a mean size of 
1,000 base pairs (bp), and hybridized to 1.25 ]ig of 
?too-l cleaved DNA from a 49, XXXX? lymphoid cell line 
((3tl202), as described by Palmer et al.. Cell 37:171 



30 
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(1984). The DNAs were then heated to lOO^C for 5 
minutes, cooled on ice, and added to a final reaction 
volxime of 2.5 ml of 7% phenol- The mixture was shaken 
intermittently for 37 h over a 5 day period (Kohne et 

5 al.. Biochemistry 16:5329 (1977)). After chloroform 
extraction and dialysis to remove salts, the hybridized 
DNA was ethanol precipitated. These conditions allow 
Mbo- 1 fragments from the 49, XXXXY DNA, with no 
complementary sequence in the deleted DNA region of the 

10 BB male, to self -hybridize and thus be cloned as Mbo- l 
fragments. 5 jig of the precipitated DNA was ligated 
to 0.1 ^g BamH l-cleaved dephosphorylated pBR322 and 
transformed into coli strain HC1061. (The BamHl ends 
are cooopatible in ligation with the Mbo- 1 ends of the 

15 chromosomal DNA.) 3/000 colonies were isolated. 

As described by Kimkel et al., supra , the 
.isolated colonies were screened using standard 
techniques to determine which one contained DNA that 
hybridized with DNA from normal individuals but not with 

20 DNA from the male BB. One clone, pERT87, hybridized to 
a 1.1 kb Hind i II fragment of normal human DNA, but not 
to BB DNA. The intensity of hybridization was dependent 
upon the X chromosome content of the DNA being probed. 
Hybridization was also detected in a rodent-human hybrid 

25 cell line having an intact human X chromosome, but not 
with a cell line having DNA only from the human 
chromosome region Xpll.3 to :&iter. Thus, the cloned 
region in p(ERT87 is on the short arm (p) of the X 
chromosome. Three other clones gave similar results, 

30 although each clone h:]^ridizes to a different Hindlll 
fragment • 

The clones were analyzed for their ability to 
hybridize with DNA from a variety of cell lines having 
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deletions or translocations of the hiiman X chromosome. 
pERTST was localized to DNA within the Xp21-Xp22 
region. The location of pERT87 was determined by its 
lack of hybridization to the region Xp2l-Xter (nsing 

5 cell line X;ll) and to the region p21-pter (using a cell 
line with a break point at Xp2l.3, Fryns et al., Clin., 
Gaxet. 22:76, (1982)), and by its hybridization to the 
region X^22-Xq[ter (using a cell line described by 
Mahandas et al.r PMRS 76:5779 (1979)). 

10 As described in Monaco et al., liTature 316 :842 

(1985), SERT87 was used to probe the DNA of 57 unrelated 
DMD males. pERT87 did not hybridize to DXIA from five of 
the males indicating that they had deletions of DNA 
around the cloned DNA in pBRT87. Assuming that the DHD 

15 phenotype in these five males results from deletions 
within the MD gene, this result provides evidence that 
pERT87 contains DNA homologous to a region of DNA within 
the MD gene. 

Example 2: pERT87 Derivatives 

20 In order to isolate more DNA from the HD 

region, two human genomic libraries were screened with 
pERT87 by the proceduire described in Monaco, supra ; one 
was constznxct^ in Charon 35 (Loenan et al.. Gene 26:171 
(1983)) and one in EMBL-3 (Frischauf et al., J. Molec. 

25 Biol. 170 :827 (1983). Using standard techniques, 

chromoscxnal "wallcs" were performed in both directions 
from the region homologous to pERT87 using pERT87 as a 
probe for the above libraries. Five bacteriophage 
clones, incliiding Wl and W2~R in Fig. 4, were isolated, 

30 and small unique-sequence subclones, in pBR322, pUC18 or 
Blue-Scribe (Stratagene) , were constructed. These 
subclones were restriction mapped and small fragments 
free of human repetitive elaaents identified. Unique 
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sequence sxibclones near the extreme ends of the human 
inserts in these clones were used as probes for the next 
walking step in the same libraries. Three of these 
subclones, pERT87-18, -8, and -1 contained DNA absent 

5 from the above five DMD boys with genomic deletions. 
These subclones span an area of 38 kb. Further 
chromosome walks in the EMBL-3 library extended the 
cloned area to 220 kb (shown in Figs. 2 and 4), These 
clones include pERT87-15, --14, and -27. 

10 To determine the positions of these cloned 

regions relative to the MD gene, chromosomal DNA was 
isolated from 53 boys with DMD or the related disease, 
Becker muscular dystrophy (BOD) — the gene for which is 
also located within band ^21 — who have deleted areas of 

15 DNA in their X chromosome. This DNA was tested, using 
standard Southern blot analysis (see below), against the 
subclones in order to determine the break points of the 
DNA deletions in the 53 boys relative to the cloned 
DNA. This was simply done by first ordering the 

20 subclones as shown in Fig. 4, and then determining which 
subclones contained DNA present in the deleted 
chromosOTies (thus being outside the break point) and 
those ^ich contained DNA not present in the deleted 
chromosome (thus having DNA within the break point) . 

25 Subclones that are positioned between these two types of 
subclones and have DNA present in the deleted 
chromosomes # must have DNA in which the deletion break 
point occurred. Once localized to a region within the 
' cloned DNA, the break points were further localized 

30 within 100-1,000 bp iising restriction enzyme analysis. 
The results of these experiments are siuomarized in Fig. 
2. 

Fig. 2 depicts a schCTiatic drawing of 
220 kb of contiguous human genomic DNA with a kb scale. 
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The darkened blocks represent regions- of repeated 
sequences, cross hatched boxes represent moderately 
repeated sequences, and open boxes represent unique 
sequences. Niambers below these blocks represent pERTBT 

S subclones. Line sequences are represented by an L, as 
described in Singer, Cell 28:433 (1981). As shown in 
Fig. 2r fourteen deletions were found to break at the 
left side of the cloned DEIA and ext^d in a rightward 
direction (see arrows) towards the centromere. Nine 

10 deletions were found that extend in the opposite 
direction. The majority of the deletions have 
independent break points, but for simplicity the 
deletions have be^ schenatically presented together in 
Fig. 2. Since the deletion breaks, which give rise to a 

IS DMD or KID phenotype, occur within the pERT87 region and 
extend in both directions, this analysis demonstrates 
that pERT87 and the subclones are clearly within the MD 
gene. 

The profile in Fig. 2 indicates that the MD 
ZO gene is located on a large segment of DHA. The fact 
that large deletions resulting from mutations in the 
gene yield a DMD pheno^pe similar to that found in 
other 0!a> boys who do not have deletions indicates that 
the gene product can be either completely missing or 
25 aberrant yet still yield a similar clinical picture. 
The gene responsible lies on a very large segment of X 
chromosome DKA, and is estimated to be approximately 
2,000 kb (Fig. l). 

Referring to Fig. 3, the DNA sequence of 
30 several stibdones are determined by standard procedures, 
using dideoxy analysis. Representative sequences from 
piBRT87-4 (upper sequence) and -25 (lower sequence) are 
presented. Probes suitable for the invention can 
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readily be synthesized from any parts of these 
sequences r or any other parts of the 14 Icb cDNA sequence 
corresponding to an MD gene described below. Such 
probes can also be used for further chromosome walking. 
Example 3: cDNA 

5 Standard Northern analysis of RNA from a 

variety of human fetal and adult tissues revealed a 
single mRNA estimated to be 16 kb from the total RNA or 
polyA-selected HNA of fetal skeletal muscle which 
hybridizes to pERT87-25. This approximately 16 kb 

10 transcript is the mRNA coding for the product of the MD 
gene. It is possible to isolate this mRNA, using 
standard hybridization techniques, and the probes of the 
invention, and to prepare a cDNA library from it. The 
clones in this cDNA library are suitable as probes of 

15 the invention, and for isolating other clones by 

chromosome walking in hxman genc«nic DNA libraries by 
standard techniques towards intronic DNA in the MD gene 
and to the X;ll and Xp21.3 break points. 

For exan^le, by using standard techniques, an 

20 oligo (dT) primed cDNA library is constructed in the 
phage vector lambda gtll using a poly A-selected RNA 
sample from human fetal skeletal muscle. Small 5 '-ended 
clones were isolated from this library. Similarly, a 
human fetal skeletal muscle cDNA library can be 

25 constructed in the phage vector lambda gtio using 

standard techniques as described in Koenig et al.. Cell, 
50:509-517 (1987). 

Such a library was used to isolate six cDNA 
inserts detected with the above 5 '-end probes. All si;? 

30 ended within an estimated 100 bp interval (the five 

longest within a 50 bp interval). This result indicates 
that the 5* end of the transcript is probably present in 
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these clones. Two additional "walks" taken in the 3* . 
direction using the most 3' segment clones from these 
probings also ended within 100 bp of each other, 
indicating that the 3* end of the transcript is probably 

5 present in these clones. As a result, the actual size 
o£ the mRNA or cDNA corresponding to the human HD gene 
is known to be 14 kb rather than 16 kb estimated in 
earlier studies described above. 

Once the 5' most and 3' most ends of the human 

10 MD gene transcript are determined, the entire 14 kb tiDSA 
is sequenced using standard tecbnigues as described in 
Koenig et al.. Cell, 50:509-517 (1987). The nearly 
complete sequence is described in Pig. 5, The actual 
cDKA can be obl:ained from the series of cDSA probes 

15 deposited with the ATCC that in combination span the 
entire human MD gene. These probes are deposited under 
the twelve access ntimbers 57666 to 57677 and are 
depicted, in order, next to the 14 kb MD gene in Figure 
6. 

20 These cDNA clones are tested to determine 

vAiether any clones are particularly suitable as probes 
of the invention. The clones are hybridized, using 
st:andard methods, to cell lines having the Xp21.3 and 
X;ll mutations and to xnRNA from human cell lines. 

25 Sxiitable probes are homologous to D19A from within the 
3^21.3 -X;ll region or within the mRNA. Referring to 
Fig. 1, suitable probes have homology to normal htaman 
cell lines but at least part of their DNA will not have 
homology to DNA from cell line <ai7947A and the 

30 nontranslocated DNA of the cell line CTI1695. A further 
test entails a cytological stuc^ to determine whether 
the clone hybridizes to the X^21.2 chromosomal band, and 
thus would be suitable. 
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Detection of RFLPs 

The probes of the invention are useful in 
detecting RFLPs that are closely linked with a mutated 
MD gene that gives rise to the DMD phenotype. 
5 Detection of such RFLPs allows diagnosis both of women 
who are carriers of a mutated MD gene and of unborn 
children who have a mutated MD gene. 

Example 5; Using pERT87 Derivatives 
Using standard techniques^ the subclones 
10 PERT87-8, and pERT87-15 were tested for their ability to 
detect human BFLPs by hybridizing to nitrocellulose 
filters containing ixmnobilized DNA samples from four 
unrelated faaales that had been cleaved with 24 
different restriction enzymes. The frequencies of the 
15 RFLPs found in the human population were estimated by 
examining DNA obtained from 37 tmrelated persons. The 
. results of the search are displayed in Table 1^ below. 
Seven potential polymorphic restriction enzyme sites 
were identified as individual variations in the pattern 
20 of restriction fragments observed. Two of the 

subclones r pERTa7-l and pERT87-8, each detected putative 
RFLP's of two different enzymes, while one probe, 
PERT87-15, detected RFLPs of three different enzymes. 

Table 1 

25 

Allele Allele 



1. 


Subclone 


Enzyme 


Sizes (kb) 


Precmency 








P* 


q** 


p q 


2. 


]aERT87-l 


BstNI 


3.1 


2.5/0.6 


0.63 0.37 


3. 




Xtml 


8.7 


7.5 


0.66 0.34 


4. 


pERT87-8 


BstXI 


4.4. 


2.2 


0.6 0.4 


5. 




TaqI 


2.7/1.1 


3.8 


0.71 0.29 
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1. Siabclone Enzyme 

6. PERT87-15 BamHI 

7. TaqI 

8. Xsml 
5 * common allele 

** rare allele 

The next step was to screen the SFLPs clones 
£or linkage to the DHD ph^otTpe. An RFLP is linked to 
the MD gene within a particular pedigree (family) if 

10 within the pedigree, persons %diose DNA contains a mutant 
MD gene giving rise to the DHD phenotype have a 
polymorphic distribution different from those persons 
within the pedigree ^ose DMA. does not contain a mutant 
MD gene. The HFLP screening was performed on. pedigrees 

15 imown to harbor a mutant HD gene. 

The first step was to obtain DMA from a 
subject. In the method described below, peripheral 
blood lyinphocytes are used; other possible sources of 
DMA are amniotic fluid, chorionic villus, and fetal 

20 trophoblasts. 

Using standard techniques, genomic DMA is 
isolated from cell nuclei of whole blood lexikocytes as 
described by Aldridge et al.. Am. J. Hum. Goi., 36: 546 
(1984). This gmomic DMA is then analyzed to determine 

2^ vdiether linkages exist between the BFLPs of Table 1 and 
defective MD genes of certain families. 

An exan^le of such linkage is presented in 
Figure 9. In the example, DMA was isolated from 
individuals within a family in which some people had a 

30 motated WD gene (indicated by darkened symbols) the DMA 
was cleaved with BstX I, and probed with pERT87-8. 



- 18 - 

Allele 
Sizes (kb) 
7.1/2.3 9.4 
3.1 3.3 
1.6/1.2 2.8 



Allele 
Frequency 
0.62 0.38 
0.67 0.33 
0.68 0.32 
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Electrophoresis, blotting, and h^ridization were as 
described above. On BstXI digestion of genomic DNA, 
pERT87-8 hybridizes to 4,4 and 2.2 kb BstXI fragments in 
females heterozygous for the RFLP. The carrier mother 

5 exhibits the heterozygous pattern of the 4.4/2.2 kb 
BstX I alleles, as do her two carrier daughters (lanes 
2,4). The lower allele (2.2 kb) is present in both 
affected DMD sons (lanes 5^6) while only the upper 
allele (4.4 kb) is present in the unaffected son 

10 (lane 3). The father of this family has a 4.4 kb BstXI 
hybridizing fragment (data not shown) . The f enale 
individuals in lanes 2 and 4 were suspected of being 
carriers of the DMD trait based on elevated CIPK values . 
Fragment sizes were calculated by comparison with 

15 "p-end-labelled Hindlll-cleaved X phage DMA. 

Thus, the mutated MD gene is linked to the BstX I RFLP in 
this family, and individuals with 2.2 kb fragment also 
have a imitated MD gene. 

Linkage between each RFLP listed in Table 1 and 

20 a defective MD gene does not occur in every pedigree. 
Accordingly, a combination of probes, detecting a 
plurality of RFLPs, is preferably used when examining 
DNA of an individual. Examining a combination of RFLPs 
listed in lines 2, 3, 5, 6, and 7 of Table l with the 

25 appropriate probes was found to be informative in 25 of 
28 (89%> pedigrees in v^ich members were known to have a 
mutated MD gaie. It is also possible to use probes of 
the invention for presynqptomatic screening of hiamans 
without a DMD phenotype for deletions (of greater than 

30 100 bps) in the MD gene. 

Example 6: Using cDNA Probes 
Althou^i RFLP DHA marker studies are usually 
very useful, they are often impossible or inconclusive 
because family members may be xinavailable, new mutation 
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events cannot be detected reliably, meiotic crossovers 
within the gene occur frequently and the inheritance 
pattern (X-linlced versus autosomal) cannot be determined 
with certainty in sporadic cases. 

5 Detection o£ molecular deletions with the 

complete gene cDNA probes of the invention eliminates 
most of these difficulties* For example, the probes of 
the invoition deposited with the ATCC under the access 
nuxDbers 57666 to 57677, incltxsive# are very useful 

^0 diagnostic tools as described below. 

Nuclear DN2V of patients was isolated from blood 
leucocytes, lymphoblastoid cell lines and chorionic 
villi, cleaved with restriction endonuc leases, 
transferred to Hybond (flmersham) filters r and hybridized 

15 with oligo-labelled probes, by standard techniques, 
cDNA segments covering the complete HD gene in a 5' to 
3' direction, cloned in 1113 vectors Bluescribe or 
Bluescript (Stratagene), are used as probes. For 
example. Figure 6 shows the probes that have been 

20 deposited with the A.T.C.C. Probes l-2a and 2b-3 

comprise the most 5* 2.6 kb Bgl ll- BcoR I fragment. Probe 
'4-5a is a 1.8 kb fragment and probe 5b-7 has a 2.6 kb 
insert. Probe 8 is a 0.9 kb EcoR I fragment. Probe 9-14 
is a 6 . 1 kb fragment that inclxides the 3 ' exons and the 

25 3' untranslated region. 

Deletions in the MD gene do not occur in a 
random distribution along the cDNA, but a large 
percCT^tage of the deletions can be detected with only a 
few probes. In a total of 104 DNA samples of unrelated 

30 DiQ) ])oy3 53 exhibited a deletion of part of the MD 
gene. For diagnostic purposes, 27 deletions are 
detected with probe 8, and 15 others with probe l-2a. 
These two probes detect nearly 80% of the deletions 
observed (42 of 53). 
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Particularly intriguing is the large number of 
deletion breakpoints found to originate within a single 
intron defined by probe 5b-7. One intron defined by the 
exons contained in this probe exhibits 19 deletion 

5 breakpoints (36% of the 53 total deletions f oxind) . 

Clearly this particular intron contains a characteristic 
that imparts a propensity for initiating deletion 
events. The multiple breaks could be due to a 
sequence-specific rearrang^ient hot spot/ or an 

10 extraordinarily large genomic distance spanned by this 
intron* 

The following cost-efficient strategy for the 
DNA-diagnostic work-up of DMD/BMD families is based on 
these results. Initially^ DNA from affected 

15 individuals, their mothers, obligate carriers and normal 
male and female controls is cleaved with Bglll and 
Hindi II, electrophoresed and blotted onto nylon 
membranes that can be easily rehybridized. These 
filters are first hybridized with probe 8, exposed to 

20 X-ray film, and then rehybridized with probes l-2a and 
2b-3 in a sequ^tial fashion. If no deletion is 
detected, probes 5b-7 and 4-5a are used next, and probe 
9-14 Is tised in the final round. It is advisable to use 
two different restriction enzymes because fragments of 

25 similar size may co-migrate and appear as a single band 
on the autoradiogram. If only one of the co-migrating 
fragments were deleted, such a deletion could be 
missed. By this approach deletions should be detectable 
in 50% of affected males, and by careful dosage 

30 comparisons in 50% of finale carriers. This direct 
method yields unambigous diagnoses of hemi- and 
heterozygosity eliminating the need for indirect linkage 
testing in at least half of all families. The routine 
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analysis of families at risk for MD using the complete 
MD cDNA could diramatically decrease the cost and labor 
involved and greatly increase the accuracy of other 
diagnostic methods. 

5 If no deletions are found, DNA polymorphism 

studies as described above are undertaken. These need 
to include closely linked flanking probes or segments 
near the 5' and the 3' ends of the gene as well as 
intragenic markers as argued above. 

10 Following is an example of the use of cDIilA 

probes. Family A (Fig. 10) represents a common clinical 
situation. That is, having only one male affected with 
DMD (III-l). The carrier status of his mother (II-2) 
was xinknown, since her creatine kinase levels were in 

IS the normal range, as were her mother's (1-2). Her male 
fetus (III-2) was at risk. A DNA polymorphism stxidy was 
carried out to determine whether the present fetus 
(III-2) had inherited the same X~21 region as had his 
affected brother. The individuals shown in Fig. 10 were 

20 tested for 21 DHA polymorphisms detected by 18 different 
probes, some of which are flanking the MD locus and some 
were subsequently shown to be derived from the gene 
itself . No deletions were seen with these probes . 
Haplotype analysis revealed that the affected male 

25 (III-l) had received his Xp2l chromosome region from his 
grandfather (I-l), transmitted without apparent 
crossover. Therefore, his grandmother (1-2) should not 
be a carrier, but the carrier status of his mother 
(II-2) remained unknown. Either she or her affected son 

30 (TII-1) could represent a new mutation. Based on the 
DKA-mark^ results, the risk of the fetus (III-2) being 
affected was considered higher than the original 20% 
estimate. To prev^t the abortion of a potentially 
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unaffected fetus the usefulness of the complete gene 
cDNA probes of the invention was evaluated for detection 
of the molecular defect in the affected male. 

For cDNA studies, the entire gene was surveyed 

5 for the presence of missing or abnormal-sized 

restriction fragments in the affected male (III-l), his 
mother (II-2) and controls including his xinaffected 
maternal grandfather (I-l) from whom the Xp2l region was 
derived. Genomic DNA samples were cleaved with Hindi II 

10 and Bqlll and hybridized with the cDNA probes 

illustrated in Pig. 6 and analyzed by known procedures. 
DiaA extracted directly from C7S material (III-2) was 
digested with Hindlll and Bqlll and analysed together 
with DENAs from family m gn bers (I-l, II-2, III-l), 

15 unrelated male controls (Cr Ml - M5) and a normal female 
control (F) . 

The mother (I 1-2) is apparently homozygous for 
all the fragments deleted in her son (III-D- The 
deletion detected with two adjacent segments of the cDNA 

20 likely represents the molecular basis of the DHD 

phenotype in the affected male. Therefore, the fetus 
"at risk" was determined to be unaffected with a 99% or 
higher probability. 
Mouse MP Probes and MUcleic Acid 

25 The above human cDNA was used as a probe in 

Northern blot analysis of mouse tissue inRlilA. The human 
cDNA detected a 14 kb mouse mHUlA species, which is 
present ia very low levels in tissue extracts of mouse 
newborn leg and gravid (15 day) combined uterus and 

30 placenta and in higher levels in newborn heart, adult 
heart, and adult skeletal muscle. 

In these studies, HNA was isolated from mouse 
tissues by homogenization of frozen, ground tissues in 
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guanidiiua thiocyanate followed by pelleting through a 
CsCl cushion as described in Chirgwin, J.H. et al.. 
Biochemistry 18:5294 (1979). 

In order to obtain cDNAs representative of the 

5 mouse MD gene, a cDNA library was constructed from adult 
mouse heart as described in Gubler, et al.. Gene 
25; 263 (1983) as modified in Hoffman, E.P. et al.. 
Science 238 :347-350, n.l2 (1987), and screened with 
probes of cDNA corresponding to the hxman MD gene. 

10 Seven mouse cDNA clones were obtained from 5 X 10^ 
primary (unamplif ied) \ gtlO recombinants, using 
standard techniques. 

The low frequency of MD clones obtained in both 
human and mouse cDHA libraries suggests that the MD 

15 mess^ger BNA (mRKA) is rare, probably representing 
about 0.01 to 0.002% of the miRHA in muscle. This 
relative abundance is in agre^n^t with Northern blot 
analyses and the frequency with which recombinant DMD 
clones were obtained from four other mouse and human 

20 CDMA libraries constructed in our laboratory - 

Fragments of the mouse cDSh were used as probes 
for Southern blots of mouse genomic DMA using standard 
procedures as described in Hoffman et al.. Science 
238:347-350 (1987). In view of the 14 kb size of the 

25 complete inRIlA, and assuming a constant ratio of cDNA to 
genomic DBA, the con^lete mouse MD genomic locus 
probably encon^asses more than 500 kb of genomic DMA. 
Thus, the hybridization characteristics of the X-1 inked 
human MD cI»aA described above are also conserved in the 

30 moxxse. 

The DMA sequences of the first about 4.3 kb 
mouse MD cDMA was determined (Figs. 7A and 7B) and 
compared to human cDMA sequaice. The total nucleotide 
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sequence o£ 4.3 kb represents nearly 30% of the entire 
DND mRNA. 

Interspecies comparison of the sequences from 
the 5' end of the mouse and human cDNAs (Fig. 7a) show 
5 that the first 200 bp are 80% homologous with multiple 
insertion/deletion differences and translation stop 
codons in three reading frames. Furthermore, the first 
translation initiation codon is conserved in both humans 
and mice. 

10 Both the DNA and amino acid sequences are well 

conserved, exhibiting 88% homology with the DNA and 87% 
with the amino acid seqtxeace. There is a particularly 
striking conservation in. the hydropathicity profile of 
the mouse and human amino acid sequences, the 

15 hydropathicity profiles being nearly identical. These 
profiles were determined according to Kyte et al., J. 
Mol. Biol., 157:105 (1982). Indeed, by conservative 
amino acid substitutions based on hydropathicity values, 
the mouse and hxmian polypeptides become more than 95% 

20 homologous. 

Recombinant Dystrophin and Fragments Thereof 

The cDNA and predicted amino acid sequence for 
the 14 kb human or mouse MD gene can be used to produce 
recombinant dystrophin, which is named after the 

25 muscular dystrophy gene to which it corresponds. The 
amino acid sequence of dystrophin is shown in Fig. 8. 

For sample, HD cDNA may be inserted into an 
appropriate vector, introduced into a cell and 
transcription and translation of the DNA induced, to 

30 produce dystrophin. Similarly, smaller fragments may be 
produced by using only a part of the total cDNA. 
Myoblast cells are a suitable expression systan. They 
are cultured myotube formation induced by standard 
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techniques, as described by Yasin et al., J. Neurol. 
Sciw 32:347-360 (1977) • Other systems include 
bacteria, such as E. coli. Yeast, and cultured maromalian 
cells. In such systems, the dystrophin may be secreted 

5 or not and may be linked to any of several standard 
promoters or terminators. Dystrophin may also be 
produced by in vitro translation of mRNA encoding 
dystrophin. It may also be produced synthetically. 

The above examples are not intended to limit 

10 the preset invention but are merely suggestions as to 
hov dystrophin and fragments thereof can be produced. 

The invention encompasses cDIlAs, mSNAs, and 
polypeptide sequences that are modified but 
substantially correspond to the cDNA and polypeptide 

15 sequences defined herein. A nucleic acid or polypeptide 
sequence substantially corresponds to a given sequence 
when it is identical except for conservative nucleotide 
or amino acid substitutions. 

Example 4: Dystrophin Fusion Polypeptides 

20 The DNA and predicted amino acid sequences for 

4.3 kb (30%) of the mMD gene described above were used 
to produce fusion polypeptides and substantially 
purified mouse dystrophin . 

Two different regions of the mouse heart mMD 

25 cDBA were fused to the 3' terminus of the E^ coli trpB 
gene using the ^pression vector pATH2 (Dieckmann et 
al., J. Biol. Chem 260 ; 1513-1520 (1985)). The two 
regions represent the majority of the mouse heart cDMA 
sequKice described above and shown in Fig. 7B. One 

30 construction resulted in the fxision of approximately 30 
kD of mMD dystrophin to the 33 kD trpE polypeptide, 
wiile the second fxised roughly 60 kD of the mMD 
polypeptide. Since the trpE polypeptide is insoluble. 
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quantitative yields of induced fusion polypeptides were 
obtained by lysing the cells and precipitating insoluble 
polypeptides. Novel insoliible fusion polypeptides of 
the expected size were produced which were not present 

S in lysates of bacteria containing the pATH2 vector alone. 

To produce the trpE + 60 kD fusion, the mouse 
MD cDNA was restricted at the xinique Sfiel site^ 
blunt-ended with Klenow, aiui then digested with Hindlll 
in the 3' polylinker. The excised cDNA fragment of 1.4 

10 kb was gel purified and ligated to pATH2 which had been 
digested with Sma l and Hindlll. Recombinants were 
identified by colony hybridization and verified by 
subsequent plasmid DNA restriction analysis. The 
resulting plasmid construction fused the trpE 

15 polypeptide (33 kd) to 410 amino acids (--60 kD) of the 
mMD polypeptide, and corresponds to position 1.3 kb to 
2.7 kb on the equivalent human cDNA map. 

To produce the trpE + 30 kD fusion, the most 3* 
end of the mouse cDNA was restricted at its unique 

20 non-methylated Xba l site, and at the BamH I site in the 
3* polylinker. The noised 700 bp fragment was ligated 
to pATK2 and digested with Xba l and BamH I as described 
above. This plasmid construction fused the trpE 
polypeptide to 208 amino acids (-30 kD) of the mDMD 

25 polypeptide, and corresponds to position 3.7 kb to 4.4 
kb on the equivalent human cDMA map. 
Antibodies to Dystrophin or Fragments Thereof 

Antibodies can be raised by standard technic[ues 
to any of the above described recombinant dystrophin, or 

30 fragments thereof. Further naturally ocurring 
dystrophin may also be used. The following is an 
example of such a method and is not limiting to this 
invention. 
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Both of the fusion polypeptides described above 
were purified by preparative SDS-polyacrylaniide gel 
electrophoresis (Laemmli, Nature 227:680-685 (1970))/ 
and used to inmunize rabbits and sheep. Rabbits were 
5 iinmunized with electroeluted^ 'native' (free from SDS) 
insoluble antigen, while sheep were iinmunized with 
SDS-polyacrylamide gel slices containing denatured 
antigen. 

The titers and specificity of the antibodies 

10 produced in each rabbit were constantly monitored by 
enzyme-l i nked imnuno-assays performed on nitrocellulose 
dot blots of insoltible polypeptide fractions. The best 
immune responses were obtained xising the trpE + 30 kD 
polypeptide with >95% of the antibodies produced being 

15 specifically against the mDMD portion of the ftision 

peptide r and with titers greater than the sensitivity of 
the ELISA assay sj^trai when using a 1:1000 dilution of 
crude serum 4 weeks after immunization. The trpE + 60 
kD antigen took much longer (12 weeks) to evoke a immune 

20 response in rabbits, with the resulting sera showing a 
low specificity for the MD portion of the fusion 
polypeptide. 

To sisure that any polypeptide species 
ideitif ied by the antisera was due to recognition by 

25 antibodies specific for the JSD portion of the fusion 
polyp^tidesr rabbit and sheep antibodies directed 
against the 30 kD antigen, and sheep antibodies directed 
against the 60 kD antigen were affinity purified. 
Affinity purification (AP) of the antibodies directed 

30 against the MD portion of the fusion polypeptide is 
facilitated by the insolxxbility of the partially 
purified fiision polypeptide- In general, by simply 
resuspending crude insoluble trpE polypeptide fractions 
in immune serum, antibodies against the trpE polypeptide 
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are eliminated. Antibodies specific for the MD 
polypeptide are then isolated by binding with fusion 
polypeptides. These antibodies allow detection of as 
little as 1 ng of dystrophin in 50 ]xg muscle tissue. 

5 For example^ approximately 3 mg of a partially 

purified insoluble fraction of trpE polypeptide is 
precipitated, resuspended in 10 roM Tris <pH 8.0), and 
then precipitated again. The pellet is resuspended in 
1.5 ml of immune serum, incubated on ice for 1 hour, 

10 then centrifuged to pellet the trpE-antibody immune 

coznplexes, which are discarded. The supernatant is then 
mixed with approximately 3 mg of partially purified 
fusion polypeptide (insoluble fraction) which has been 
washed as above. After Incxibation on ice, the 

15 mDHD-antibody immune complexes are precipitated by 
centrifugation. The pellet is then resuspended in 500 
ul of 0.2 M glycine (pH 2.3), incubated on ice for 5 
minutes to disassociate the immune complexes, and then 
centrifuged at 4** C to precipitate the insoluble 

20 antigen. The supernatant contains purified anti-MD 
immunoglobulins and is neutralized with 50 ul Tris (pH 
9.5), and either stabilized with BSA (fraction V) 5 
mg/ml) or dialyzed extensively against phosphate 
buffered saline (PBS) . 

25 The invention also conten^lates the production 

of monoclonal antibodies to dystrophin or fragments 
thereof. Such monoclonal antibodies are secreted by 
hybridomas produced by standard techniques. 
Natural Dystrophin 

30 Naturally occuring dystrophin can be identified 

using the above-described antibodies. For example, 
total polypeptide samples were isolated from mouse 
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(fresh) and htiman (frozen) tissues by direct 
soliabilization of tissues in ten volumes of gel loading 
buffer (100 mM Tris pH 8.0, 10% SDS, 1^ mM EDTA. 50 mM 
DTT) . Alternatively r Triton X-100 insoluble fractions 

S are isolated from human and mouse tissues by 

homogenizaton in 0.25% Triton X-100 using a Waring 
blender at full speed, and pelleting insoluble 
polypeptides. All polypeptide samples (50 ug) are 
separated by electrophoresis on 3.5% to 12.5% gradient 

10 SDS-polyacrylamide gels (Laonali, Nature 227 :680-685 
(1970)) using a 3.0% stacking gel, and transferred to 
nitrocellulose (ToiAin, Proc. STat. Acad. Sci. USA 
76:4350-4354 (1979)). Identical nitrocellulose blots of 
the sepsurated polypeptides are incxibated with ctff inity 

15 purified rabbit antibodies directed against the 30 kD 
antigen, affinity purified sheep antibodies directed 
against the 60 kD antigen, and affinity purified sheep 
antibodies directed against the 30 kD antigen each at a 
1:1000 dilution. Immune coniplexes are detected using 

20 either '''^^I-polypeptide A, or alkaline phosphatase 

conjugated donkey anti--sheep IgG second antibody (sheep 
Ig6 binds very poorly to polypeptide A) . All antibodies 
detect a large molecular vei^t, apparently low 
abundance polypeptide species calculated to be 

25 approximately 400 kD in total. The higher resolution of 
the alkaline phosphatase staining resolves this 
polypeptide into doublets or triplets, though the 
slightly smaller bands most likely represent degradation 
products since there has been no evidence to date for 

30 alternatively spliced isoforms of the MD mRNA. The 40i) 
kD species is clearly evident in mouse smooth muscle . 
(stomach), thou^i at a level that is substantially less 
than that found in cardiac and skeletal muscle. The 
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same apparent polypeptide species is detectable in mouse 
brain at an extremely low level. 

The 400 kD polypeptide species' recognized by 
the antibodies of the invention is generally Triton- 

5 insoluble, though it appears to be associated more 
strongly with the myofibrillar matrix fraction in 
cardiac muscle than in either skeletal muscle or smooth 
muscle- The 400 kD polypeptide species is present in 
the skeletal and cardiac muscle of both normal and Tr 

10 mice. The detected polypeptide appears the same with a 
mixture of antisera as it does with each antiserum 
seperately, indicating that the antibodies raised 
against different antigens recognized the same 
polypeptide. Both antibodies fail to detect the 400 kd 

IS polypeptide in muscle tissues isolated from mice 
harboring either allele of the mutation. 
Immunodi aqnos i s 

The antibodies described above can be used in a 
variety of immunological applications to test for the 

20 presence of dystrophin or fragments thereof in 

biological samples. For example, the antibodies can be 

125 35 

labelled by conventional procedures with I, S, 
or for use^in radioimunoassays, with fluorescein 
for fluorescent assays, with enzyme for enzyme 
25 immunoassays, or with biotin for biotin-avidin linked 
assays . 

These antibodies can be used labelled or 
Txnlabelled as desired and can be ^tqployed in competitive 
immunoassays as well as in double antibody or "sandwich" 
30 assays. Monoclonal antibodies can also be used in 
standard techniqpies to test polypeptides for 
cross-reactivity with dystrophin. 
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The antibodies can also be immobilized on an 
insoliible phase, such as an insoluble resin. The 
dystrophin level is then detected by measuring the 
amount of binding to the insoluble phase. Other 

S insoluble phases include latex particles, which will 
agglutinate when coated with the novel antibodies and 
subjected to certain levels of dystrophin in the 
sample. Yet other insoluble phases include test tubes, 
vials, titration wells, and the like to which the 

10 antibodies according to the invention can be bound and 
the dystrophin "antigen" thereto detected by doxible 
antibody techniques or Protein A dependent techniques. 
These antibodies are also useful for purification of 
dystrophin by affinity purification as described above. 

In particular, the antibodies according to the 
invention can be used for the immonodiagnosis of MD. 
* Futhermore, these novel antibodies can be used to 
distinguish between Becker's HD (BHD), Duchenne's HD 
(DMD), Outlier's MD (OMD) and other neuromuscular 

20 disorders. For example, muscle biopsies of patients can 
be prepared and tested according to the invention to 
determine with a high degree of accuracy whether the 
patient has DHD, BHD, OHD, or no HD. 

To perform such a test, small portions of the 
biopsies (less than 0.1 g) are crushed into a very thin 
sheet of tissue using a pestle and a plastic weigh boat 
on a hard surface at -lO'^C. The tissue fragm^ts are 
then weighed at 4"'C, and immediately placed in 20 
volimies of loading buffer (10% SDS, 50 mH DTT, 10 mH 

30 EDTA, 0.1 H Tris pH 8.0, 0.001% bromophenol blue) and 

vigorously shaken. Samples are stored at 4**C prior to * 
use. 

Santples are placed in a boiling water bath for ^ 
two minutes, then centrifuged to remove SDS-insoltible 
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polypeptides. Supernatants (1-2 ul; 50 ug) are loaded 
on 20 well, 0.8 mm X 15 cm X 17 cm SDS-polyacryl amide 
gels (Laemmli, Nature, 227: 680-85 (1970)), using a 3% 
(0.1% bisacrylamide) stacking gel and 3.5%-12.5% 

5 . gradient resolving gel. Fractionated polypeptides are 
transferred to nitrocellulose (Towbin, H. et al., PNAS, 
76: 4350-54 (1979)), then incTibated with the affinity 
piirified sheep anti^ouse dystrophin described above. 
Dystrophin/ ant i-dystrophin immune complexes are 

10 detected using affinity pxxrif ied donkey anti-sheep IgG 
second antibody conjugated to alkaline phosphatase 
(Sigma), followed by colorimetric development. All gels 
are stained with Coomassie Blue after transfer to 
determine the efficiency of the transfer. 

15 Residual nryosin in the post-transfer Coomassie 

blue-stained gels serves as a control for the amoxint of 
muscle tissue contained in the biopsy. The accxiracy of 
this residual myosin quantitation of muscle polypeptide 
is verified by alpha-actin immxmostaining after 

20 dystrophin staining is completed^ or by calsequestrin 
immunostaining . 

Example 7; Muscle Immunodiagnosis 
Samples from 103 muscle biopsies were 
analyzed. All samples were scored for the abundance and 

25 apparrat size of the polypeptide product of the KD gene, 
dystrophin, described above. 

The abundance and apparent molecular weight of 
dystrophin contained in 103 muscle biopsies from various 
neuromuscular disease patients was determined relative 

30 to a normal control (examples are shown in Figure 11). 
Biopsies obtained from patients previously diagnosed as 
Duchenne e^ibited dramatically reduced levels of 
dystrophin (Fig. 11a, lanes 1, 2, 9-16; Fig. lib, lanes 
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3, 8, 9, 12, 14, 16) relative to the normal control 
(Fig. 11a, lane 17; Fig. lib, lanes 1, 5, 17). On the 
other hand, most patients previously diagnosed as being 
afflicted with a neuromuscular disorder unrelated to 

5 Duchenne or Becker exhibited dystrophin levels 

indistinguishable from the normal control (Fig. lib, 
lanes 6, 7). The Becker biopsy samples exhibited a more 
variable dystrophin phenotype (Fig. lla, lanes 3, 5, 6; 
Fig. lib, lanes 2, 4, 10, 11). Some Becker biopsies 

10 contained ^strophin of apparently smaller molecular 
weight but of nearly normal abundance (Fig. lla, lanes 
5, 6). One Becker shown in Figure lib, lane 2, appeared 
to have dystrophin ^lAiicdi was larger in size, but reduced 
in abundance to approximately 40% of normal. Another 

15 Becker exhibited a dystrophin phenotype which was 

undistinguishable from normal (Fig. lib, lane 4), ^ile 
an additional Becker contained no detectable' dystrophin 
in his biopsy (Fig. lla, lane 3). Three 'Outlier' 
biopsies (mild Duchenne/severe Becker) are also shown, 

20 two of which exhibit <^strophin of low abundance (Fig. 
lla, lane 11; Fig. lib, lane 15), while the third 
contains no detectable dystrophin (Fig. lib, lane 13). 

The size variations of ^strophin were often 
sxibtle, such that it was difficult to imambiguously 

25 determine size differences if the san^le in question was 
not run immediately adjacent to normal controls (see two 
Becker biopsies. Fig. lib, lanes 10, 11). For this 
reason, all samples containing detectable dystrophin 
determined by the above analysis were retested adjacent 

^0 to normal controls • An example of this analysis is 
shown in Figure 12. The three Becker biopsies shown 
contain dj^trophin which was either clearly smaller 
(lanes 2, 6) or larger (lane 4) than that of the normal 
controls (lanes 1, 3, 5). 
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The described eicperimental process was reported 
for each of the 103 biopsies included in the study. The 
dystrophin molecular weight (normal vs. abnormal size), 
and abundance relative to the normal control sample was 

5 thus calculated for each patient's biopsy. Five 

dystrophin Vphenotypes* were established which accoxinted 
for all patient dystrophin data, and which seemed to 
correlate to disease type and severity. These 
dystrophin phenotypes ranged from 'normal' (normal size, 

10 60-100% of normal abundance), to 'severe' (less than 3% 
of normal abxindance) * The number and percentage of 
patients under each of four clinical categories 
(Duchexme, Outliers, Becker, non-DMD/BHD) was then 
tabulated with regards to the five dystrophin phenotypic 

15 classes (Table 2) . 

ninety-five percent (38/40) of the patients 
previously diagnosed as having disorders xmrelated to 
Duchenne or Becker muscular dystrophy exhibited 
completely normal dystrophin phenotypes. On the other 

20 hand, 92% (58/63) of the patients previously diagnosed 
as having a Duchenne/Becker dystrophy escbibited a 
clearly abnormal dystrophin phenotype. Within the 
Duchenne/Becker individuals exhibiting an abnormal - 
dystrophin phenotype there was a clear correlation • 

25 between the severity of the clinical phenotype and the 
'severity' of the d^tro^in phenotype (Pig. 13, roman 
numerals correspond to categories in Table 2) . From 
this analysis it becomes apparent that the majority of 
Duchenne patients exhibit ixndetectable levels of 

30 dystrophin, the Outliers (mild Duchenne/severe Beckers,; 
incliided two affected females) exhibit low levels of . 
dystrophin of normal size^ vrtiile most Beckers exhibit 
nearly normal levels of dystrophin of abnormal size. 
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There are individual patients vhose clinical • 
phenotype clearly does not correlate with the dystrophin 
phenotype (Table 2, asterisks). These patients ■ 
comprised 7.7% of the total patients studied (8/103). 
5 Table 2 

Results of dystrophin analysis in 103 patient biopsies. 

Clinical Diagnoses 

10 Duchenne Outliers Becker Non-DMD/KID 

Dystrophin Data 

I. Normal size, 1(2.6%)* 4 (22.2%)* 38 (95.0%) 
15 60-100% level 

II. Abnormal size, 1(14.3%) 12 (66.6%) 2 (5.0%)* 
40-100% level 

III. Normal size, 1 (2.6%) 4 (57.1%) l (5.5%) 
3-60% level 

IV. Abnormal size, 1 (2.6%) 1 (14.3%) 
3-40% level 

25 

V. <3% level or 35 (92.1%) l (14.3%) 1 (5.5%)* 
xmdetectable 



Totals 38 7 18 40 
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Therapy 

The dystrophin or biologically ftmctional 
fragments thereof can also be used in a method of 
therapy for MD. A biologically functional polypeptide 

S fragment is capable of causing the same biological 

effects as the normal full polypeptide. The method of 
therapy involves administering an amount of the 
dystrophin or biologically functional fragments thereof 
effective to control muscle fiber degeneration and 

10 connective tissue proliferation within muscle fibers. 

The (]^strophin and related polypeptides as 
described above can be administered by routine methods. 
For exaoxple, they can be injected directly into the 
blood stream or muscle of an animal or hiiman patient to 

15 a final concentration of between l and 500 mg/ml of 

senmi, most preferably 200 mg/ml. This dose is repeated 
to maintain this level. 

A further method of therapy involves removing 
cells, such as muscle cells, from an MD patient and 

20 incorporating MD DNA into them. The 14 kb cDNA of the 
invention, or a fragment thereof, is. linked to a 
suitable promoter and inserted into a suitable vector. 
The vector is then introduced into the cells harvested 
from the patient and the genetically manipulated cells 

25 indxiced to produce the dystrophin polypeptide, or 

biologically functional fragments thereof. These cells 
are then reintroduced into the patient, for example, 
intravascular ly or intramuscularly. 
Deposit 

30 The con^lete 14kb cDNA sequence depicted in 

Figure 5 has been deposited in the form of 6 cDNA probes 
depicted in Figure 6a. These 6 probes have been 
deposited with the ATCC under the access numbers 57666 
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to 57677, inclxisive. The deposit was made on July 15, 
1987* Each probe is deposited as a purified plasmid and 
as a plasmid in coli. Hence, each probe has two 
access numbers. 

5 Applicants' assignee. Children's Medical Center 

Corporation, acknowledges its responsibility to replace 
these cultures should they die be£ore the end of the 
term of a patent issued hereon r 5 years after the last 
request for a culture, or 30 years, whichever is the 

10 longer, and its responsibility to notify the depository 
of the issuance of such a pat^t, at which time the 
deposits will be made irrevocably available to the 
public. Until that time the deposits will be made 
available to the Commissioner of Patents under the terms 

15 of 37 CFR Section 1.14 and 35 Section 112. 

Other enbodiments are within the following 

clcdios. 
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Claims 

1. An MD probe conqprising a substantially 
purified single-stranded nucleic acid sequence capable 
of selectively hybridizing to a region of DNA on a human 

5 X chromosome between the deletion break point at Xp21.3 
and the translocation break point at X;ll. 

2. The MD probe of claim 1 comprising a 
nucleic acid sequence of at least 10 bases in length 
from a portion of the sequence of a cDNA probe selected 

10 from the group consisting of cDNA probes deposited with 
the A.T.C.C. under the twelve access numbers 57666 to 
57677, inclusive. 

3. The HD probe of claim 1 wherein said 
nucleic acid sequence is incapable of selectively 

15 hybridizing to the region of h\iman DNA between said 

deletion breakpoint at Xp21.3 and the p terminus of said 
X chromosome, and to the region of DNA between said 
translocation point at X;ll and the centromere of said X 
chromosome . 

20 4, An MD probe comprising a substantially 

purified single-stranded nucleic acid sequence capable 
of selectively hybridizing to at least a part of the MD 
gene • 

5. The MD probe of claim 4 wherein said 
25 nucleic acid sequence is incapable of selectively 

hybridizing to the regions outside of said MD gene. 

6. The MD probe of one of claims 1-5 wherein 
said probe sequ^ice is capable of hybridizing to at 
least part of the hinnan gene encoding dystrophin. 

30 7. A method for diagnosing MD in a h\jman 

pati^t comprising exposing the probe of any one of 
claims 1 to 5 to a sample taken from said patient and 
detecting vrtiether said probe hybridizes to nucleic acid 
in said sample. 
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8. The method o£ claim 7 further comprising 
the steps of ^ 

obtaining a san^le of genomic DNA from said 

patient, 

5 digesting said DUk with one or more restriction 

endonucleases , 

denaturing said DSIA, 

contacting said denatured^ dige$ted DNA with a 
probe which cossprises a nucleic acid sequence at least 
10 15 bases in length from the human HD gene, 

detecting hybrid JJSh complexes, and 

comparing the molecular weight of said 
complexes to control complexes formed with similarly 
denattxred and digested genomic JSSh taken from a person 
15 not sttffering from MD, 

hereby the presence or absence of deletion 
mutations in the DKD gene is determined. 

9. The method of claim 8, wherein said probe 
contprises one or more probes which in combination span 

20 said hximan HD gene. 

10. The method of claim 9 wherein said probes 
are chosen from those deposited with the A.T.C.C. under 
the twelve accession numbers 57666 to 57677, inclusive. 

11. Substantially pure dystrophin polypeptide. 
25 12. The polypeptide of claim 11 \Aerein said 

dystrophin is human dystrophin. 

13. The polypeptide of claim 11 wherein said 
dystrophin is murine dystrophin. 

14- A substantially pure polypeptide 
30 comprising a sequence of at least six amino acid 
residues of d^trophin. 

15 » A substantially pure polypeptide 
imnsunologically cross-reactive with dystrophin. 
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16. Substantially purified nucleic acid 
encoding dystrophin or a polypeptide immunologically 
cross-reactive with dystrophin. 

17. A polypeptide synthesized from an 

5 engineered nucleic acid sequence corresponding to an MD 
gene or a segment thereof at least 18 base pairs in 
length. 

18. DNA comprising cDNA encoding dystrophin or 
a sequence of said cDNA of at least 10 base pairs in 

10 length. 

19. Substantially purified nucleic acid 
comprising an approximately 14 kb pair sequence of MD 
gene cDNA. 

20. The nucleic acid of claim 19 wherein said 
15 HD gene is a hximan MD gene. 

21. The nucleic acid of claim 19 wherein said 
HD gene is a murine Dmd gene. 

22. Antibodies produced to a polypeptide of 
any one of claims 11 to 15, or 17. 

20 23. The antibodies of claim 22 wherein said 

antibodies are monoclonal antibodies. 

24. A method for immunodiagnosis of MD in a 
human coniprising the steps of, 

contacting a sample from said human with an 
25 antibody of claim 22 or 23, and 

detecting the presence in said sample of 
complexes of antibody and dystrophin or fragments 
thereof. 

25. The method of claim 24 wherein said sample 
30 comprises muscle tissue. 

26. The method of claim 24 further comprising 
the steps of, 

determining the molecular weight of said 
dystrophin, or fragments thereof, in said complex. 
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whereby the lack of dystrophin or the presence 
of dystrophin of abnormal molecular weight is indicative 
of HD. 

27. The method of claim 24 further comprising 
^ the steps of determining the abundance of said 

dystrophin, or fragments thereof, in said complex. 

vAereby the presence of an undetectable or 
abnormally low level of dystrophin is indicative of MD. 

28. The method of claim 26 further comprising 
10 comparing said molecular weight of dystrophin 

or fragments thereof in said complex from said sample to 
the molecular weight of a polypeptide cross-reactive 
with said antibody in at least one BHD, DMD or OMD 
control and a normal control comprising normal 

15 dystrophin, 

whereby said method provides a diagnosis of DMD 
from the presence in said sample of a polypeptide of 
molecular wei^t comparable to said DHD control, a 
diagnosis of HMD from the presence in said santple of a 

20 polypeptide of molecular weight comparable to said BHD 
control, and a diagnosis of the absence of HD from the 
presence in said samples of a polypeptide of molecular 
weight compar^le to said normal control. 

29. The method of claim 28 further conqprising 
25 the steps of 

determining the molecular weight of a plurality 
of fragments reactive with said antibody in said tissue 
sample to obtain a sample molecular weight pattern, 

comparing said sample molecular weight pattern 
^0 to said BHD, DMD and said normal control patterns, 

wheri^sy said method provides a diagnosis of DHD 
in the presence of a pattern comparable to the DHD 
control pattern, a diagnosis of BHD in the presence of a 
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pattern con^arable to the BHD control pattern, and a 
diagnosis of the absence of iMD in the presence of a 
pattern comparable to said normal control. 

30. The method of any one of claims 24 to 29 
5 wherein said sample is obtained from a human adult. 

31. A method of therapy for MD comprising 
administering an amotint of the polypeptide of any one of 
claims 11 to 15 or 17 claims effective to control muscle 
fiber degeneration and connective tissue proliferation 

10 within muscle fibers. 

32. A method of therapy for MD comprising the 

steps of, 

obtaining cells from an HD patient, 
inserting nucleic acid encoding dystrophin or a 
15 fragment thereof into a vector, 

introducing said vector into said cells / and 
reintroducing said cells into said patient in 
an amount effective to produce dystrophin sufficient to 
control muscle fiber degeneration and connective tissue 
20 proliferation within muscle fibers within said patient* 

33. A method for purification of dystrophin or 
a fragment thereof, comprising the steps of; 

providing an antibody specific for said 
dystrophin, 

25 binding said antibody to a solid phase, 

contacting said solid phase with a solution 
comprising said dystrophin, xinder conditions whereiri* 
said dystrophin is bound to said solid phase, and 
washing said solid phase under conditions 
30 wherein said bound dystrophin is released from said 
solid phase. 

34. A method for producing dystrophin, or a 
fragment thereof, comprising the steps of. 
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providing nucleic acid encoding said dystrophin 

or said fragment, 

introducing said nucleic acid into a cell, and 
culturing said cell xinder conditions suitable 
5 to induce expression o£ said nucleic acid to produce 

said dystrophin. 

35. A method of assaying a sample o£ genomic 
nucleic acid of a human subject for the presence of a 
mutated MD gene comprising the steps of, 

XO denaturing the DlilA of said sample and digesting 

said DNA with one or more restriction endonucleases, 

contacting said denatured, digested DMA with a 
probe according to any one of claims 1 to 6, and 

detecting h^rid DMA con^lexes as probable 
15 indications of the presence of said KD gene in said 
sample • 

36. The method of claim 35 wherein said 
nucleic acid encodes a fusion polypeptide, wherein said 
dystrophin or said fragment is produced as a polypeptide 

20 having a peptide linked to a second polypeptide. 

37. The method of claim 36 wherein said second 
polypeptide comprises a portion of an coli 
polypeptide, and said dystrophin fragment has a 
molecular wei^t of between 30 kD and 60 kD. 

25 38. A method for purification of an antibody, 

^herein said antibody is specific for a polypeptide, 
said method comprising the steps of: 

providing said polypeptide in insoluble form, 
contacting said polypeptide with said antibody 
30 to form an immune complex, 

washing said cos^lex, and 

causing said antibody to be released from said 

complex. 
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39. The method of claim 38 wherein said 
polypeptide is fused to an insoluble peptide, 

40. The method of claim 7 wherein DNA in said 
sample is fixed to a sxxbstrate and exposed to a labelled 

5 probe . 



WOg9/0£286 



PCT/US88/04504 



1/22 



pter 
22J33 



22.32 

22.31 

22.2 

22.13 

22.12 
22.11 

21.3 

212 

21.1 

11.4 
11.3 

1123 

1122 
1121 



D2 
RC8 



99.6 



C7 
B24 



III— "^^^^^^ 

1^ 754 Vx,11 



Xp21.3 

WD 
gere 



SO.OOOkb 



i)ERT87 



ore 



L128 



11.1 ^ 
can 



qter 



FIG. I 



SUBSTITUTE SHE2T 



wo 89/06286 



PCT/US88/04504 



2/22 




SUBSTTTUTE SHEET 



wo 89/06286 PCT/US88/04504 

3/22 



TTCTGTCTTAGTGiUUSTCTaUlT-ATTTTTC^&TGTtS&TTAAAATTCATATTATGTCACC 

i^AGTTATG&AAiUUiGTAAAAAIATGTTTTGTATAAGTCTTAT-ATTTGATAATTTAAGC 

CAATTAACAAATCCTGACAGCTGGTGTAGAAITTGAGATJUUiATTCCCCTGCTGACTCAG 

GCAGTGAATAAGAAITTAAIGTTCATTAAAATAT6TCATAATCTGA6ACCCAAAGCA£^ 

ACCAI C T GI ITC C AGITOCTACTACAIGCCTAGGTATGGAATCCATGTTCTAAAATTCTT 

TTTAATTTACAACAAGTATAATTTATTTC6AAAIAGCATCATCAATAACCAGTGTAATTC 

TOSaATAITTTTGTTGGGATTGIIATCTGAGAAATGTGGTATTTCATTTCTTTACAA 

GCAAGTCATGAAAIGGClCaWfGCITTTArrGaavrrTTGAIGTTTTTGATGGCAAAAGTG 
TTGAGAAA-AAGTCZT-TAGATTCACGTGJIIAAGCTGACAGAGTGAAACATCTTAAGGCT 
TGAAAGGGCAAGXAGAAGTTATAAtTAXTGTGTAGAITCACAGTCCITGTAITGAATTAG 
TCATCTTTGCICTCAIGCT6CA66CCAXAGASC6AGAAAAAGCT6AGAAGTTCAGAAAAC 

CG-A6TT6AZTTAGASAaSCXtCXTAGG6AITTGATAAACACAXAGGTTCATAITTAICA 
6CT6AA3TATATCA6ACAA6CACTT6TTAAATACAAAITTAAATTAAAAGGTGTTTGTAT 
Gl ' TUTT TAT^A' J? ' Jt^ TT TT ri ;T T&AlGCIA3UaGAAATTATTAGGASaAAITCAACTTTGAGT 
TCArrGGAAGAAAAZGG^IGTGGTAGAaTATTTTATCAGTCEGTAGCAGAGAAATAAAT 
TTTAATGCAAAICXG-CI-AGAAITTAXCXAAAXAATTTAAGAAATAAGGT-TAACAGA^ 
ATTGAAACATTAACAGTCAAGTAgA 

FIG. 3 
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FIG. 5 (2 0F4) 

aATGGCCTGGCmGAATGCTCTCATCCmGTCmGGCCAGACCTAmCACTGGAATACTGTGC 

GCCAGCAGTCAGCCACACAAOiACrrGGUCATGCATTCAACATCGCCAGAXAICA^^ 

ACTACTOTATCCTGAAGAIGnGAIACCACCIATCCAGAlAAGAA(nrCCATCTTAATGTACATCA^ 

(rrCITCCAAGTTmCCTGAACAA(m6Gm(LLlGCCAI(X:^^ 

CTAAA6mCTAAA(UAGAAGmiICA(m(UI(UUrCAAAI6GA<^^ 

TCIAGCACAGGGAIAmGAGAA G 'ncn CCCCm GCCTCGAITCAAGAGCTATGCClAC^CACAGGCT 

GCTIAIGmCCACKrrCIGACC(nACACGGAGCCCAITTCCTTCACAGCAm 

AGTCAITTGGCAGITGmGAIGGAGAGimCIAAACCI^ 

AllAlCGIGGCITCIlT C IG CT GAGGACACAITGCAAGCACAAGCAGACAmCI^ 

GIGAAAGACCAQIZIGmCItLlIGAGGGSIACAIGAIGGAITm 

AZAITn:ACAAnG6GAAGm6CIGAII66AACA66AAAAmi^^ 

AGAGCAGATGAATCTCCIAAAITGAAGAIGCGAAIGCCTCAGGGTAGmGCAIGGAAA^ 

m(UIAGA6miAAI6GAICICCAGAAICJmACIGAAAGAGITG^ 

AAGAAAGAACAA6(UAAAIGGA6GAAGAGCCICITGGA(X:iGAICITGAAG^ 

ACAACAIAAGGIGCTTCAAGAAGAICTAnA ACA AGAACAAGICAGQGICAAITCTCICACICACAIGGIG 

Sl^CAmi^rcCCT^AA^SSu 

CGGAICIAGAAAAfiAAAAAGCAAICGAIGGGCMAACIiamCA^^ 
Ci tCAiTAAerCUgrCAKX!AfiAAGACGGAACCAIGG(TOGAIAAg^ 

A6AC!AACTCTMTTOAAAG*CTAAgrAemTGA«IACAAfflaUACAGATCCT^^ 

eauurricomajAccrccccG^^ 

(UICnGAXAIAACEGAACrCCACAGCaGGmACI^^ 

Cyu^ICmCGCULAGGAAGGOl&CIIC^^ 

IGAGAAGIItmAAACIGCAAGAIGCCymCAIGAGC^^ 

GGIGIIAAIGGUlGAimuaCAAAGAAGCCmJAGAACAACIGAAC^ 

I6Cm6I6AGAGACmACI6G(mAGimA6AA(UUU^IGAI^ 

j^IXGCAfiCAGAIGJUIAACTACIGCIGAAAACIGGI^^ 

GGAAmAAACECUGmAAAAIIIGIAAGGAIGAAGICUlACCGGCI^ 

AACGAIIAAAAATIXUAAGGmGCXXZEGAAAGAGAAAGGACAAGGACCX^ 

TGTGGCCimCAAAIcmmAGttU UiimmUUi ttSI^ 

AiiiimcA(rn7GccA(»;AAi6C6(rcA^^ 

iII6CAGG(»mCAAAGIICICIG(UAlU6CAACAAAGT66C^^ 

GCIGGAAGAAfiCnrCCCrrCCC&GCIGGIIGAGC^^ 

IGGCCtGCroilCGGGai lCASA AAII CTAAA^ ^ 

tteagseasttcAGCCCAGICIAAAGAGIGICAAIGAAGGTGGGCAGAAGAIaaagaatgaagcag^ 
agagtttgettcgagacttg agarTi g aa c tcaaa g aact ta acact eagtgggatcacatgtgec aa c a g 

AAACiccm(rc6AGT(m:mAZ&<nxmuxA^^ 

AGGAACnGAAACTtrCAAOaUXUACrACCA^ 

6GAAGAAGIIIGmUZGTI66GAIGA6miIGtCmCIT6GA6AAA6(^ 

GXACAAimAACIIAAAACCACIGAAAACAITCCIGGCGGAGCT 

GACR6AAAAm6AI6CGACAIICA6A6GAmC(XUAAmGAITCG(MIATTGGCACA^^ 

AGAI6GC66A(mUI6GAIGA6CIAAICAAIGAG6AACTIGA(UCAimA^ 

(UaGAA6AG6CIGmGGAGGCAAAM;iT6(rCI6AACAGAGCAICCA6TCTGC(X;A^ 

CCIIACACTIAAICCAGGAGICmCACAIICAIia^^ 

CGACGCAGCTCAAAIGCClCAGeAAfiCCC aGAAAAT CCAAlCTGAmGAC^ 

BAAGAAAIGAAGAAACAIAATCAWGGA^^GCTGCCCAAAGAGTCCr^ 

ACAAAAAAmCAACAIGTCKSatrGAAGnTCmTAITCCAGAAACCAGCC 

ACAAGAAAGTAAGATGAITTTAGArGAAGTGAAGA^ 

CAG(UAGTAgTAgACTCACAG(rrAAAICAITGIGTGAACTTgm^ 

AAGIGGAAAIGGIGAXAAAGACIGGACGICAGATIGIACAGAAAAAGCAGACGGAAAAI^^ 
IGAIGAAA6AGmCA6CIII6AAAIIGGAIimAI(Ui»:iGGGAGCAAAGGIAACA(LLIULGAAA6(^ 
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FIG. 5 (30F4) 

CAGTTGGAGAAATGCTTGmTTGTCC(KrrAAGATGC(UUUlG(UUUlTGAAT(n:cm 

CAGCTACAGATATGGAATTGACAAAGAGATCAGCACTIGAA(»UATGCCTA6TMmG6Arr(rrGAA6T 

TGCCIGGGGAAAGGCTACTCAAAAAGAGATTGAGAAACAGAAGGTGCACCTGAAGAGTATGACAGAGGTA 

GGAGAGGCCITGAAAACAGmTGGGCAAGAAGGAGACGRGGIGQAAGATAAACTCAGTCTTGTGAATA 

GTAACTGGATAGCTGTCACarCCCGAGCAGAAGAGTGCmAAICimtnTGGAATAC^^ 

GGAAACITITGACGAGAATGTGGACCACAICACmerGGAXCmCAGGCmC^^^ 

mGAGAAAAAGAAACCCCAG(;AAAAAGAA6A(»T6Cim6CtrEimA6GCAGAA(n^ 

GCCCAAAGGTGGACTCTACACGmCCAAGCAGCAAACITGATGGCAAACCGCGGTGACCACTGCAGGAA 

AmGTAGAGCCCCAAATCT(U6A6CTCAACCATO»IIT6CAGCCATTTCACACAGAATTAAGACTGGA 

AAGGCCTCCAmcmGAAGGAATrGGAGCAGIimCTOAGAIAXACAAAAArCGCnGAACCACIGG 

AGGCTGAAACTCAGGAGGGG6T6AATCTGAAAGAGGAAGA(r[ICAAXAAAGAIAI(LUIGAAGA(^ 

GOGIACimAAAGAATrGTTGOAAAGAGQAGAiUACmCAACAAAGAAmCAGAmGAGm 

GAGGAAAXAAAGAIAAAACAGGAGCTGIXAQAQAGAAAACAimGCrr^^ 

GUGAAAAAAGGCTCIAGAAAmcmTGAGieGimAGIACAAOAGGCAGGCTGATGATCTCCT 

ATGCTTGGATGACArimAAAAAAmGC(»lGCmCCIQAfiCCCAQAGATGAAAGGAAAATA^ 

ATT6ATCGG6AAITGCA6AA6AAGAAAGAG6AGCIGAAI6CAGTGC6IAGG(LUlGCmGGGCTTGTCTG 

AGCATGGGGCCCCAATGGCA6I6GAG(K;AA(n:GAGAICCAG(rC(LlG(»Ul6CGCTGGCG6G^ 

CAAAmGCICAGIITCGAAGACtCAACrilGCACAAAnC^ 

Am(mUAeACAIGC(niIGGAAAIITCTXAIGI6C(nnOIA(mi^^ 

ClTlAAGOAAGAGGAGICmmaUBAATATAAAACAlA(mrCACAAOAAAG(TO 

AITCATAGOAAGAAGACAGGAGCAXTGCAAAGIGGAACGCCIGTGGAAAGGGTGAAGmCAGG^^ 

TCTCCCAGCITGAIITCCAAI6GQAAAAA6mA(UAAAI6tACIAA6^ 

ATCTGTT6A6AAAIGGCG6CGmTCmAI6AIAmAGAIAmAAI(UGTG6CTAACA6AAGC^ 
CA6TII(nx:A6AAAGACAQAAAIKMmUl6AAITG6G^^ 
TCCAGGAI66CAmG6(UGCGGCAAACT(nT6IGAGAACAIIGAAI6^ 
GCAAlCCI(UAmCUGAlGCOAgBaiCT 

GICIGCmOAGOnrRmCUieAAAAAAGAimAOAAQUOAiAAOA^^ 

GAGATmAAIGAAITTGITmiGGTTGGACeAAGCUlGAIAACACTGC^ 

AAAAGAGCA6(:AA(ri:AAAA0AAAAG(nrr(LUH;AAGrCAAGmCT66TGGAAGAGI^ 

GGAAIT(n:CAAACAATrAAATGAAACTGGA6GAC(KHn:6CITSi:AA(n^ 

AAGAZAAA(^GAAAAm6CI(^G0AGAmAICICCA6I6GAmA66IITCCAOAGCIII^ 

(UAACAASlAaAAAIIGAAGCICAAAXAAAAGACCrnGGGGAGCII^^ 

GAGCAGIIAAAICAICnGCIGCIStGGmiCICClA^^ 

ACCAAGAA66AC(»r[I6AC(nTGA(M:AAACieAjLaAGC^^ 

GATmGICIAAA666CA6(LLm6IACAAGGAAAAAC(U6CCUL(m:ULGa;A6TGAA6AG6AA6m 

GATCIGAGCTCIGACT6GAAG6(»»nAAACCGTmCimAGAGCT6AG 

CTCCI66ACI6ACCAmlT6GAGCCI(rrCCIACICA6ACTGmCTCI66TGACACAAGCT6TG6TTAC 

mGGAAA(mKX;AI(nt»AAA(rrA6AAAT6CCAI(rrTCCimTGIT^ 

TTCAACCGGGCIIGQACAGAACmCCGACTGGCIITCItnmiCAICUUlGmiAAAA^ 

miGGIGCGICACCIIGAGGAZAXCAACGAGAIGAICAICAAGGAfiAA 

6AGGCIA6AACAAIGmA(X»UICGAAITGAAAGAAmAGAAI(^GTGGGAI^ 

ITCAGAACCGGAGGGAAGAGTTGAATGAAATGmAAGGATTGAACACAATGGCIGGAAGCIAAGGAAGA 

AG(mGCA66ICm66ACAGGCCAGAG(%AA6CITGAGTCAIGGAAGGAGGGTCC(nm 

<?nA A'f""* * * t A ATGACACAAACCaUlCCAGTTGGCCAAAGACCTCCGCCAGTGGCAGACAAATGTAg 

AIGTGGGAAAIGACII66CCCTGAAA(nTCTCC666AmiTCTGCACATGAXACCA6A^ 

CATAAnAgA<UATATCAATGCCTeriG(^GAAGCATTCAIAAAAGGGmGI^ 

GAAGAAA(rtCmGAmCTGCAAGAGTI(XXm6GACCI6GAAAAGI^^ 

(rrGAAACAACiamiGTOrtACUlGGAIGCTACCCGTAAGGAAAGGCTCC^ 

AAAA6A6CI6AI6AAACAAI6GGAA6ACCTC(»AC6I6AAAIT6AAGCTCACACAGATGTmmCA^^ 

(nmiGAAAACA6CCAAAAAAICCI6A6ATCGCI6GAA66IT(XX2ATGATGCAGT^ 

CmCGAIAAatlGAACTTCAAGTCCAGTGAACTTCGGAAAAAGTCTCTm 

AGCCAfilTCnt^CCAGIGGAAGCGTerGCACCIITCTC T^ 

GATGAIGAAmAGCO«KIAGGCACCXATTGGAGGCGACTTTCCAGCAGTTCAGA^ 

ATAG6GCCITCAA6A«»AAII6AmCTAAAGAACCTGmmT0AGIA(mrnQAGA^^ 

ATTTCTGACAGAGCAGCCITTGCAAGGACIAGAGAAACICTACCAGGAGCCCAGAGAG^ 

GAGAGAGCCCAGAAIGmCTCGCCrCTCTACGAAAGCAGGCTGAGGAGGICAAnCTGAGTGGGAAAAA 

TGAACCIGCACTCCGCTGACTGGCAGAGAAAAAIAGAmGACCCTTGAAAGACTCCAGGAACnCAAG^ 

GGCCACCGAm6CT66AC(nX:AAGCTGCGCCAAGCIGA66T6AICAAG6QAICCI6GCAGCCCGTGGGC 
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FIG. 5 (40F4) 

GATCmJCTCATmtmrrCTCCAAGATCACCTCCAGmWCAAGGCACnCGAGGAGAAAnGCGCCTC 

TGAAAGAGAACGTGAGCCACOTCAATGACCrrrGCICGGCACCmCCACTTrGGGCA^ 

GTATAACCTCAG(^CTCIGGAA6AC(rCGAA(:ACCA(UT6GJUl(m(mAGGTG^ 

CTCAGGCAGCTGCATGAAGCCCACAGCGACnTGGTGCAGCAICTCAGCACTTTCTnCOACGTCTGTCO 

AGGGTCCCTCGGAGAGAGCCATCTCGCCAAACAjUCTGCariACTAlAIOAACCACGAGACTCAAACAAO 

TTGCTGGGACCATCCCAAAATGACAGAGCTCTACCAGTCnTAGOTGACCIGAATAATGTCAGATTCTOA 

GCITATAGGACIGCC^GAAACTCCGAAGACTGCAGAAGGCCCniGCITGGATCTCTTGAGCCTGTCAG 

CIGCATGmT6(XrrT6GA<KUGCACAACCTCAAGCAAAATGAC(UGC(XUI6GATAT^ 

lAAITGTimCCACTATTIAIGACGGCCIGGAGCAAGAGCACUULCAArETGGI^ 

GTGGATAT6TGTCT6AACTGGCTGGTGAAI(nmTCAXACG66AC(LkACA6GGAGGATCCGTGTC(^ 

GTmAAAACTGGCATCATTTCCCTOTGIAAAGCACAimCAAGACAAGTACAGATACCTTTO 

AGT66CAAGTTGAA(U66ATTTTGmCCAGCGCAGGCI6GGCCTCCITCTGCAT6AT^ 

CCAAGACAGnGGGTGAAGTTGCATCCIITGGGGGCAGlAACmGAGCCAAGTGTCCGGAGCTGCTTCC 

AAm6CmiAATAA6CCA(UGAIC(UUUK»GCCCI(SIC(^6ACT 

(»LT6GIGI66(rr6C(X;(XCCCI6G^UULGABI66aGa6CAe^ 

TCCGAC^CAICA6GAGAA6AIGIICGA6A(rriTGCCAA6GIACIAAAAAACAAAmCGAACCAm 

TAmTGCGAAGCATCCCCGAAIGGGCTACCrrGCCAGl^OACIGimAG^ 

CTCCCGmCICT6ATCAACITCTG6(X:AGIA6AIT(r[GC6(Xnt^^ 

(rrrrGAAccAG6A(rrc(xxxxmui6(»ium^ 

6GAAAGAGGG<UG(rCAGAGA6AAIC(aAQCAeAI(rRQAG(UA6AAAAaA6GAA 

GACC6TCIAAACGAffl:AG(»lC(UA(MimGGCCTGTCCC(UL(rr^ 

CCICT(XXXLlGAGT(M;CC66GAI6CI6A6(miTG(mG6CCAAGCIACT6CGTCAACAC^^ 

(XnmAGCCAGGAIGCAAAICCTGGAAGACCACAATAAACAGCIGGAGTCACAGmCA^ 

GAGGI6(rCGGA6CAACCCCA6GCA6AGGCCAAAGI(UAI66CACAAC6GTGTCCTCTC(^ 

nCACAQGICCGAaAfiOAQICAGCCTATGCTGCICCGAGTGGnGGCAGTCA^ 

mG6AAGAICIICICAGTCCICCC(^66ACUm6(»UU66Qm(LkG(UG<IIGAI6G^ 

AACTCCITCC(^GIICAA6AGGAAGAAAXAC(X»I6GAAAGC(UUmQA0AG^ 

TCTTTTC(UCATGGCAGAICAITT66GCA6AGC8ATGGA(mx;iTAGTATCA6TaAm^^ 

GGAGCAGAATAAAIGTTTXACAACmTGArrCCCGCATGGTmTAT^ 

mCACAGIAAGAGimCAAGAAAIAAAICIAIAirmmAAGGGTAGTGGI^^ 

mCIAGTlICmGTCTGmiT G TnTCCT A ACAATGGCAGGTTmCACGTCT 

AAAAGmm6AAAACTACAI6TAAAAI(n:TGAXAGCIAAAmCTTGCCATITCIT^^ 

jLrnTGG(amaiIAAAAAIIimA(UGIIAXAAA6AAAGAIIGIAAA(^^ 

ACmGAGGCAGCGCATTGTTTICCMIOCITTEGGCGIGATATCCATATGA^^ 

TTllGCAIAmAAGAmGACRCCrCIACOACCACAGCUUU^ 

ACTGICAGCIGAGTCGGGWGGCTTGAGTTTTCATTmTATAT^^ 

IAIAGnAIAIAGA3AAACAGATACGAAmciAnGACTGA(r^^ 

uuaCCIAAXAGAAAGAAAmcnCTAGTCAGICATCCAGG(riIAGCT 

T(mGAGCCGGAAIXX»L66A66AAACIACACCACACIAAAA(UIT(m;iAGAGCICCAGAIGnTCICA 

*TTTjUUU»UUrtITC(UCTGACAACGAAA6IAAAG^ 

IGAAXACACAGGACmmiAICACAGtQASmiCGCniGGITGGTXGAIT^ 

AimGCnCCI6CIGCIA6CAAIG(X!ACGmXmiimTG^ 

GTiTTCIGACCnGTGAACATCAGAAGCnAIIT^^ 

TGCAG66Cm66AITC(X:A6GCCAICCCIGTGAA6GA6UG6CCA(m^ 
nimCAIAAnCAIAAAGTTCmGIAAm 

AACIGG BmiitXiill l CN HNMITTTmG A lIim VrW XiATGI^ 

CAAGAGAIAAniAAAAlAAAmACmGGGAAAAGGTGIAAG^ 

CIGACAGGIAIGAAaXUGAAGCCaaGAACIGIGinCCATCCmGCATTTGTCIGCGASI^ 

CACAGGITIGIAAGmGTAAGAAAGAAGGCAAATmRCAAAXGIIACAAAAAAACCCITCRGGTGG 

AmGAGUUKSmAAZAIAIAAACAAACAAACAAAAAIIGCTC 
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** * * « « 

HtiMMI GGGATTCCCTCACTTTCCCCCTACAGGACTCAGATC 
JJqS^ CCTCACTCACTTGCCCCTTACAGGACTCAGCTC 

* * ** * ***** * ** * * 

TGGGAGGCAATTACCTTCGGAGAAAAACGAATAGGAAAAACT6AAGTGTTACTTTTOT 

TTGAAGGCAATAGCTTTATAGAAAAAACGAATAGGAAGACTTG^^ 

*********** * * * * *** * 

_jyy^GCTGCTGAAGTTTGTTGGTTTCTCATTGTTTTTAAGCCTACTGGAG 

TTTTTTTTGT(yAGGCEGCTQAAGTTTATTGGCTTCTCATCGTACCTAAGCCT^ 

***** ***** *** 

OU^TAAAGTTTGAAG-AACETTTACa^TTTTTTTO 

CAATAAAACTGGGAGAAACTTTTACCAAGATTTTT—ATCCCTGCCTTGATATAT^^ 

201 iTTTTCaAAATGCTTTGGTGGGAAGAAGTAGAGGACTGTTATGAAAGAGAAGATGTTCAA 
MLWWEEVEDCYEREDVQ 
MLWWEEVEDCYEREDVQ 

212 TTTTTCCAAAT6CTTTGGTGGGAAGAAGTAQAGGACTGTTATGAAAGAQAAGATGTTCAA 



AAGAAAACATTCyvC^AAATGGGTAAATGCACAATTTTCTAAGTTTGGGAAGCAGCATAOT 

K K T F T K W (Vl N AQFSKFGKQHI 

NAQFSKFGKQHI 



I 



KKTFTKW -- 
AA6AAAACATTCACAAAATGGATAAAT6CACAATTTTCTAAGTTTGGAAAG 

* » * ** * * * 

GAGAACCTCTTCAGTGACCTACAGGATGGGAGGCGCCTCCTAGACCTCCTCQAAGGCCTG 



ENLFSDLguwR 

^CaACOTCTTCAGTGACCTGCAGGATGGAAAACGCCTCCTAGACC^^ 



RLLDLLE6L 
RLLDLLEGL 



* 



ACAGG6CAAAAACTGCCAAAAGAAAAA6GATCCACAA6A6TTCAT6CCCTGAACIAT6TC 
TGQKLPKEKGSTRVHALNNV 
TQQKLPKEKGSTRVHALNNV 
ACAGGGCAAAAACTGCaVAAAGAAAAGGGATCTAa^AGTTCATGCCCTGAAC^ 

* * * * * 

AACAAGGCACTGCGGGTTTTGCAGAACAATAATGTTGATTTAGTGAATATTGGAAGTACT 



NKALRVLQ 
NKALRVLQ 



NNVDLVNIGST 
N NVDLVNI6ST 



AACaAGGCACT6CG6GTCTTACAGAAAAATAAT6TT6ATTTAGT6AATATA6GAAGCAC?P 

* * * 

500 GACATCGTAGATGGAAATCATAAACTGACTCTTGGTTTGATTTGGAATATAATCCTCC^^ 

DIVD6NHKLTL6LIWNI I^H 
DIVD6NHKLTL6LIWNI ILH 
512 GACATAGTGGATGGAAATCAIAAACTCACTCTTGGTTTGATTTGGAATATAATCCTC^^ 
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TGGCAGGTCATVAAATGTAATGAAAAATATCATGGCTGGATTGCAACAAACCAACAGTGAA 

wqvknvmk rw] imaglqqtnse 
wqvknvmkLtJimaglqqtnse 

TGGCAGGTCAJ^AATGTGATGAAAACTATCATGGCTGGATTGCAGCAAACCAACAGTGAA 

« « « * « * 

AA6ATTCTCCTGAGCTGGGTCCGACAATCAACTCGTAATTATCCACAGGTTAATGTAATC 
KILLSWVRQSTRNYPQVNVI 
KILLSWVRQSTRNYPQVNVI 
AASATTCraCKWGCrGGCTTCGACAGXCAACACGTAATTATCCACa^^ 

* * * * ** * * 

AACTTCACCACCAGCTGGTCTGATGGCCTGGCTTTGAATGCTCTCATCCATAGTCATAGG 
SWSD6LALNALIHSHR 
SWSDGLALNALIHSHR 



N P T 
£f F 7 

AACTTCAcETCrAGCTGGT(XG3«:6GGTT66CTTT6AATGCTOT 

* * * ** * * * 

CCA6ACCPATTTGACTG6AATAGTGT66TTTGCaV6CAGTCAGCCACA(»ACGACT 



PDLPDWNSVV 
PDLFDWNSVV 



S A T Q R L E 
S A T Q R L E 



CCCmCCTGTTTGATTGGAATAGTGTGGTTTCACAGCACrCAGCCACCCAAAGACTG^ 
* 

800 CATGCATTCAACATCGCCAGATATCAATTAGGCATAGAGA/ACTACTCGATCCTGAAGAT 
HAPKIARYQL6IEKLLDPED 
H A F N 

812 CAT6CCTTCAACA 

GTT6ATACCACCTATCCAQATAAGAAGTCCATCTTAATGTACATCACATCACTCTTCCAA 
VDTTYPDKKSILMYITSLPQ 

GTTTTGCCTO^CAAGTGAGCaTTGAAGCCATCCAGGAAGTGGAAATGTTGCCAAGGCCA 
VLPQQVSIEAIQEVEMLPRP 

CCTAAAGTGACTAAAGAAGAACATTTTCAGTTAaVTCATCAAATGCACTATTCTC^ 
PKVTKEEHPQLHHQMHYSQQ 

ATCACG6TCAGTCEA6CACAGGGATAT6AGAGAACTTCTTCCCCTAAGCCTCGATTCAAG 
ITVSLAQ6YER TSSPKPRFK 

1100 [AGCTATQCCTACACaCAGGCTGCTTATGTa^CCACCTCTGACCCTAC^^ 

'SYAYTQAAYVTTSDPTRSPF 

CCTTCACAGCATTTGGAAGCTCCTGAAGACAAGTCATTTGGCAGTTCATTGATGGAGAGT 
PSQHLBAPEDKSF6SSLMES 
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GAAGTAAACCTGGACCGTTATaUUUS^GCTTTAGAAGJUVGTATT^ 
EVNLDR7QTALBSVLSWLLS 

GCTGAGGACACATT6CAAGCACAA6GAGAGATTECTAATGATGTGGAAGTGGTGAAAGAC 
AEDTLQAQGEISNDVEVVKD 

CSVGTTTCATACTCATGftGGGGTACATGATGGATTEGACAGCCCATaVGGGCCG^^ 
QFHTHEGYMMDLTAHQGRVO 

1400 AATATTCTACAATTGGGAAGTAA6CT6ATTGGAACA6QAAAATTATCAGAAGAT6AAGAA 
iriLQLOSKLIOTGKLSEDEE 

ACTGAAGTACAAGAGCaGATGAATCTCCPAAATTCAAGATGGQAATGCCI^^ 
TEVQBQMNI.LMSRWECLRVA 

AGCATGGAAAAAO^AGCAATTTACATAGAGTTTTAATGGATCTCCAGAATCAGAAACTG 
SMEKQSMLHRVLMOLQNQKL 

AAA6AGTTGAATGACTGGCTAACAAAAACAGAAGAAAGAACAA66AAAATG6AGGAA6AG 

kelndwltkteertrkmeee 

cctcppggacctgatcttgaagaccraaaaaxicaagtacaaca^acataaggtgc^ 
plgpdledlkrqvAqqhkvlq. 
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.Mouse 

C 1 AGA6TTATGCCTTCACACAGGCTGCTTATGTTGCCACCTCTGATTCCACACAGAGCCCCT 

SYAFTQAAYVATSDSTQSPY 
ATCCTTCACAGOVTTTGCAAGCTCCCAGAGAa^GTCACITGACAGTTCATTGATC 

PSQHLEAPRDKSLDSSLMET 
C6GAAGTAAATCTGGATAGTTACCAAACTGCTTTAGAAGAAGTACm:CATGGCTTCTTT 

BVNLDSYQTALEEVLSWLLS 
CTGCCGA6GATACATTGCGA6CACAAGGAGAGATTTCAAATGATGTTGAAGAAGT6AAAG 

AEDTLRAQGEISNDVEEVKE 
AACAGTTTCATGCrCATGAGGGATTCATGATGGATCTGACATCTCATCAAGGACTTGTTG 

QFHAHB6FMMDLTSHQ6LV6 
GTAATGTTCTACAGTTAGGAAGTCAACTAGTTGGAAAAGGGAAATTATCAGAAGATGAAG 

HVLQLGSQLVGKGR LSEDEE 
AA6CT6AAGTGCAAGAACAAAT6AATCTCCTAAATTCAAGATGGGAATGTCTCAGGGTAG 

ABVQEQMNLLNSRWBCLRVA 
CTAGCATGGAAAAACAAAGCAAATTACACAAAGTTCTAATGGATCTCCAGAATCAGAAAT 

SMBKQSKLHKVLMDLQNQKL 
TAAAA6AACTAGAT6ACIG6TTAACAAAAACT6AAGAGA6AACTAAGAAAATGGAGGAAG 

KBLODWLTKTBBRTKKMEBE 

(Mouse 
A6CCCTTIXK3ACXriX3ATCTTGAA6ATCIAAAATGC(^ 

PFGPDLEDLKCQVQQHKVL 

1 Q Q H K V L 
ACAACAACATAAGGTGCTT 



Human 



CAAGAAGATCTAGAACAGGAGCA6GTCAGGGTCAACTCGCTCACTCACATGGTAGTAGTG 
QEDLEQEQVRVNSLTHMVVV 
QEDLEQEQVRVNSLTHMVVV 
CAAGAAGATCTAGAACAAGAAOyiGTCAGGGTCa^ 

***** * 

GTTGATGAATCCAGCGGTGATCATGCAACAGCTGCnTTGGAAGAACAACT 
VDESSGDHATAALEEQLKVL 
VDESSGDHATAALEEQLKVL 
GTTGATGAATCTAGTGGAGATCACGCAACTGCTGCTTTGGAAGAAC^ 



6GAGATCGATG6GCAAATATCTGCA6ATGGACTQAAGACCGCTGGATTO 
GDRWANICRWTEDRW fl Vj L Q D 

6DRWANICRWTEDR W fji^ Lj L Q D 

6GAGATCGATGGGCAAACATCr61».GAT66AakGAAGACCGCT^ 



* * * * * 

ATTCTTCTAAAATGGC AGCATTTT ACTCAAGAACAGTGCC^^ 

TEEQCLFS FtH W L S 
TEEQCLFS 



I L L K W Q 
I L L R W Q 



H F 
R L 



W 



ATCCTTCKaWVATGGCAACGTCTTACTGAAGAAC^^ 
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E 


K 


E 


0 


A 


M 


K 


H 


E 


K 


E 


D 


A 


V 


N 


K 



GAAAAAGAAGATG CAATGAAGAA CATTCAGA CAAGT GGCTTTAAAGATCAAAATGAAATG 

jlI T Ix 



GFKDQNEM 
6FKDQNEM 



GAAAAA6AAGATGCAGT6AACAAGATTCACACAACT6GCTTTAAA6ATCAAAATGAAATG 



* ** *** 



*** 



* ft 



D L E K K K 
D L E K K K 



ATGTCAAGTCTTCACA AAATATCTACT TTAA AAATA GATCTAGAAAAGAAAA AGCCAACC 
L fT] K I I S T I L K I 



jMl S S 

I L I SSL LaJ K I L A V 



P T 



TTATCAAGTCTTCAAAAACTGGCCGTTTTAAAAGCGGATCTAGAAAAGAAAA^ 



K L 
K L 



ATGGAAAAACTAAGTTCACTCAATCAAGATCTACT^^ 
SLNQDLLS 
SLNQOLI.S 



L K N K S V 
L K N K S V 



ATGGGCAAACTGTATTCACTCAAACAAGATCTTCTT^ 



ft * * *** * * * ft** * ** 

ACTCAAAAGATGGA AATC T GGATGGAA AACTTTG CACAACGT TGG^^ 

N F A fO r1 W D N L 
N F A 



T Q K 
T Q K 



E 
E 



M E 
L D 



Q R 
R C 



W D N 



Q 
Q 



ACCCAGAAGACGGAAGCATGGCTGGATAACTTTGCCCGGTGTTGGGACTATTTAGTCC^ 



** 



K L E 
K L E 



K S 
K S 



AAACTTGAAAAGAGTTCAGCACAAATTTCACAGGCTGTCACCACC^ 

AQISQAVTTTQP | F | L 
AQISQAVTTTQP 



AAACITGAAAAGAGTACAGCACAGATTTCACAGGCTGTCACCACCACT^ 



ACACAGACAACTGTAATGGAAACGGTAACTATGGTGACCACAAGGGAACAAA TCATG GTA 

V T T R E Q ] 



TQTTVMETVT 
TQTTVMETVT 



T R E Q 



V 
V 



ACACAGACAACTGTAATGGAAACAGTAACTACGGTGACCACAAGGGAACAGATCCTGGTA 



AAACATGCCCAAGAGGAACITCCACCACa^CCTCCrCAAAAGAAGAGGCAGAT^ 
KHAQEELPPPPPQKKRQITV 
KHAQEELPPPPPQKKR QITV 
AAGCATGCTCAAGAGGAACTTCCACCACCACCrCCCCAAAAGAAGAGGCA^^ 



GATTCTG AACTC AGGAAAAGGTTGGATGTCGATATAACTGAACTTC^ 

RKRLD VDITELHSWIT 
RKRLDVDITELHSWIT 



D S E 
D S E 

GATTCTGAAATTAGGAAAAGGTTGGATGTTGATATAACTGAACT^ 



RSEAVLQS 
RSEAVLQS 



CGTrCAGAAGCTGTATTACAGA GTTCT GAATTTGC AGTCTAT C^ 

^T] B F A I V y I R K 
P E F A I F 



E 6 N 
R K E G N 



CGCTCAGAAGCTGTGTTGCAGAGTCCTGAATTTGCAATCTTTCGGA^ 
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TCAGACT TGCAA GAAAAAGTCAATGCCA TAGCA CGAGAAAAAGCAGAGAAGTTCAGAAAA 

REKAEKFRK 



SDL 
SDL 



E K V N 
E K V N 



A 
A 



REKAEKFRK 



TCAGACTTAAAAGAAAAAGTCAATGCCATAGAGCGA6AAAAAGCTGAGAAGTTCAGAAAA 



** 



CTGCAAGATGCCAGCAGATCAGCTCAGGCCCTGGTGGAACAGATGGCA^ 
LQDASRSAQALVEQM 
LQDASRSAQALVEQH 



N E G V 
N E G V 



CHXjCAAGATGCCAGCAGATCAGCTCAGGCCCTGGTGGAACAGATGGTGAATGAGGGTGTT 



N A 
N A 



S 
S 



AATGCTGAAAGTATCAGACMAGCTTCA^ 

QASEQLNSRW | T | E F C 
QASEQLNSRW 



E F 



AATGCAGATAGCATOUyiCSU^CTCAGAACAACTGAACAGCCGGTGGATCGAA 



N 
N 



I 
I 



CAATTGCTGAGTGAGAGAGCTAACTGGCTAGAGTATCAAACCAACAT^ 
Q L L S E R fv| N W L E y Q 
Q L L S E R 1 L I N W L E Y Q 



F Y 
F Y 



CAGTTGCTAAGTGAGAGACTTAACTGGCTGGAGTATCAGAACAACATCATCGCT^ 



aatcagctacaacaattggaacagatgacaactacrccc^ 
nqlqqleqmtttaen [17] l k ft] q 
nqlqqleqmtttaenLwl K 



AATCAGCTAOUICAATTGGAGCAGATGACAACTACTGCTGAAAACTGGTTGAAAATCC^ 



* * ■ * * 

tctaccaccctatcagagccaacagcaattaaaagccagttaaaaatttgt;^ 

septaiksqlkickde 
septaiksqlkickde 



T T 
T T 



CCCACCACCCa^TCAGAGCCAACAGCyU^TTAAAAGTCyiGTTAAAAATTTGTAAGGATGAA 



** *** 



N R L S 
N R L S 



GTCAACAGATTGTCAGCTCTTCAGCCTCAAATTG AGCAA TTAAA^ 

L Q P Q I E I Q I L K I Q S 
LQPQIERLKI 



L K 
L K 



Q S 



L Q 
I A 



GTCAACCGiXrrATCAGGTCTTCAACCTCAAATT 



CTGAAAGAAAAGGGACAGGGGCCAATGTTTCTGGATGCAGACTTTGTGGCCTT^ 
LKEKGQ6PMFLDADFVAFTN 
LKEKGQ6PMFLDAD F A F T N 

CTGAAAGAGAAAGGACAAGGACCCATGTTCCTGGATGCAGACT^ 



(ATTTTAACa^CATCTTTGATGGTGTGAGGGCCAAAGAGAAAGAGCTAC^^ 
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CATTTTAAGCAAGTCTTTTCTGATGTGCAGGCCAGAGAGAAAGAGCT 

na7B-3 
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GACACTTTACCACCy^TGCGCrATCAGGAGAa^TGAGTAGCATC^^ 



D T L P P 
D T L P P 



MRYQETMS 
MRYQETMS 



R T W 
R T W 



Q 
Q 



GACACTTTGCCACCAATGCGCTATCAGGAGACCATGAGTGCCATCAGGACATGGGT^ 



g s E 

Q S E 



CAGTO^GAMGCAAACTCTCTGTACCTTATCTTAGTGTTACTGAAT^ 
K L S fv] P [T\ L S V T 
K L S LlJ P LqJ I* S. V T 



Y E 

Y E 



IMS 
I H E 



CAGTCAGAAACayW^CTCTCCATACCTCAACTTAGTGTCACCGACTATGAAATCATGGA 



* » 



I Q I R L G 

CAGAGACTCGGGGAATTGCAGGCTTTACAAAGlrrCl^^ 



E Q Q 
Q Q 



GAGAGACTCGGGAAATTAa^GGCTCTGCAAAGTTCTTT^^ 
IeI R L g |k1 LQALQSSL 
LQALQSSL 



mctatctgagtgao^ctgtgaaggagatggccaagaaagcacc^ 

K K A P S E 



Y L S 

Y L S 



T V 
T V 



REM 
K E M 



R K A 



S E 



C Q 
S R 



TACTATCrCAGCACC»CrGTGAAAGAGATGTCGAAGAAAGCGCCCTCTGAAATTAGCCGG 



* n 



AAATATCTGTCAGAATTTGAA6A6ATTGA666GCACTC 
K Y nn SEFEEIEG 
K Y I Q I SEFEEIEG 



WRRLSSQL 
WRRLSSQL 



AAATAT(»ATCAGAATTTGAAGAAATTGAGGGACGCTGGAA6AA6CTCTCCrCC»^ 



* **** « » « « « 

GTG6AMGCTGCCAAAAGCTAGAAGAACATATGAATAAACTT 

M N R L R R I F | Q N H 
M N R L R R 



V E 

V E 



C Q R L E E 
G Q R L E E 



Q 

Q N H 



GTTGAGCATTGTCAAAAGCTAGAGGAGCAAATGAATAAACTCCGAAAAATCAGAATTCAC 



* ** 



ATAAAAACCTTACAGAAATGGATGG<nxyUVGTTGATGTTT^ 

I rW] T L (q| RWMAEVDVFLREEWP 

I LSLl T L LLI R W M A E V D V F L R E E W P 

ATCCAAACCCTGAAGAAATGGATG6CTGAAGTTGAT6TTTCT 



gccctgggggatgctgaaatcctgaaaaaacagctcaaacaa^^ 

eilrrqlrqcri.lv 
eilrrqlrqcrllv 



A L 6 D 

A L 6 D 

GCCCrrGGGGATTCAGAAATTCTAAAAAAGCAGCTGAA^ 



GATATTCAAACAATTCA6CCC»6TTTAAATAGT6TTAATGAAGGTGGGC^ 
DIQTIQPSLNSVNEGGQRIR 
DIQTIQPSLNSVNEGGQRIR 
GATATTCAGAC^ATTCAGCCCAGTCTAAACAGTGTCAATGAAGGTGGGCAGAA^^^ 



Ra7B-4 



suBanruTE sheet 



wo 89/06286 



PCr/US88/04504 



17/22 



* * * ** 

AGTGAAGCTGAACTTGAGTTTGCaTCCAGACTGGAGACAGAACTTAGAGAGCTTAACACT 
E A E fLl EFASRLETEL fR^ 
EAEPEFASRLETELK 



E L N T 
E L N T 



AATGAAGCAGAGCCAGAGTTT6CTTCGAGACTTGAGACAGAACTCAAAGAACTTAACACT 



* ** ** * * « 

CAGTGGGATCACATATGCCGCCAGGTCTACACCAGAAAGGAAGCCTTAAAGGCAGGTTTG 

E 



Q W D H nn C I R I Q 
Q W D H LmJ C LqJ Q 



V Y 

V Y 



R K 
R K 



A 
E A 



L 
L 



K 
K 



G 
6 



L 
L 



CAGT666ATCACAT6T6CCAACA6GTCTATGCCAGAAAGGAGGCCTT6AAGGGA66TTT6 



GATAAAACCGTAAGCCTCCAAAAAGATCTATCAGAGATGCATGAGTGGATGACACAAGCT 



O 
E 



KTVSLQKDLSEMHEWMTQA 
KTVSLQKOLSBNHBWHTQA 



GAGAAAACTGTAAGCCTCCAGAAAGATCTATCAGAGATGCACGAATGGATGACACAAGCT 



* » ** * 

GAAGAAGAATATCTAGAGAGAGATTTTGAATATAAAACTCCAGATGAATTACAGACTGCT 
EEEYLERDFEYKTPDELQ 
EEETLEROFEYKTPDELQ 



A 
A 



GAAGAA6A6TATCTTGAGAGA6ATTTTGAATATAAAACTCCA6ATGAATTACAGAAA6CA 



* * 

GTTGAA6AAATGAAGAGA6CTAAAGAA6AG6CACTACAAAAAGAAACTAAAGTGAAACTC 
VEEMKRAREBALQKETRVKL 

VEEMKRAKEEA 717 
GTTGAAGAGATGAAGA6AGCTAAA6AAGAGGCCC 2153 



CTTACTGAGACTGTAAATAGTGTAATAGCrCACGCTCCACCCTCAGCACAAGAGGCCTTA 

LTETVNSVIAHAPPSAQEAL 

AAAAAGGAACnTGAAACTCTCACCACCAACTACCAATGGCTGTGCACCAGGCTGAATGGA 

KKELETLTTNYQWLCTRLNG 

AAATGCAAAACTTTGGAAGAAGTTTGGGCATGTTGGCATGAGTTATTGTa^TATTTAGAG 

KCKTLEEVWACWHELLSYLE 

AAAGCAAACAA6T6GCTCAAT6AAGTAGAATTGAAACTTAAAACCATG6AAAATGTTCCT 

KANKWLNEVBLKLKTMENVP 

GCAGGACCrGAGGAAATGACTGAAGTGCrAGAATCTCrrGAAAATCTGATGCATCAT^ 

A6PEEITEVLESLENLMHHS 

GAGGAGAACCCAAATCAGATTCGTCTATTGGCACAGACTCTTACAGATGGAGGAGTCATG 

EBNPNQIRLI.AQTLTDGGVH 

6AT6AACTGATCAAT6AGGA6CTTGAGACU1TTAATTCTCGTTGGA6GGAACTACATGAA 

DELINEELETFNSRWRELHE 

6AGGCTGTGAGGAAACAAAAGTTGCTTGAAC».6AGTATCCAGTCTGCCCAGGAAATTGAA 

EAVRKQKLLEQSIQSAQEI E 

AAGTCCXT6CACTTAATTCA66A6TC6CTT6AATTC 3273 

KSLHLIQESLBF 



Nucleic Acid Homology (2153, 1885) 87.552% 
Amino Acid Homology (717, 621) 86.611% 

RGJB-S 
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FIG. 8 

MLWWEEVEDCYEREDVQKKTTTKmmAQFSKFGKQHI^^ 

VHAIJINVNKmiVLQNNNVDLVNIGSTDl^^ 

ISWVRQSTMIYPQVNVINPTTSWSDGIAIIIA 

miDPEDVX>TTYPDKKSIIMYITSLFQVl^ 

SIAQGYERTSSPKFRFRSYAYTQAAYVTTSDFTI^FPSQHI£AF^ 

VISWUiSAEDTLQAQGEZSiniTEVVKDQFBSBEGYI^ 

QEQMNLLNSimECZJlVASMEKQSNmtVZ^LQ^ 

QQHK7LQE DIEQEOVKVNSIOTMVVVVDESSGDHATAA 

WQRia?EEQCXFSAWI5EKEDAVNKIHTT^^ VIiKADLEKKK OSIlGKLY SLKQDLLST 
JJ!:SXS\rSQ¥TBMnj^ ISQAVTTTQPSI/rQTT\mKTVTTVT'riffiQILVKHAQ 
EELPPPPPQKKIK2rrVDS£IiasaJ3VDITEZH^ AIEREK 

QLEQMTTTAEmTXJaCQFTTPSEFlAJXSaLKXCK DEVHRIiSGZjQPQ^^^QSXAi;R£KGQ6CHFLDAD 

FVAFTm il ' K U V F SPVO AREKELOTIFDTITOM^ 

ELQ AlJQSSIA£QQSGI»YYISTTVKBMSKKAPSBISRK3rQS£FE£ 

lOaQIIHIQTLKKWMAEVDVFIJCEEW^^ LLVSDIOTIQPS UISVN EGGQKI KNEA E 
DELQKAVEEMK IU«EEAQQKEAKVKLia!ESVNSVIAQAPPVAQEALKK^ 

I;^VWACWH£ZJjSYI£KA13KHLNE17EFXI^ KlilRHSEDNPNQXRIIiAQTI. 

TDSGVMDELIllEEIJglT N SRWREi a E EATy^ ^ 

VDAAQMPQEAQKIOSDIgSHEI.STJ n'iMKK B^ 

LQESKMIMEVKMHLPALKTKS VEQEWQSQLNHCV Hi;yK5I »SEVK SKVEMV liS;i'G RQIVQlUCQTEH^ 
j,p^rpt7 ^ T.Trr.TryNCT^AKOT?EgmQlg^ 

VAW6K ATQKEXEKQKyHLKKlTEVGEAICTVICTKETLVEnKTh^ 

METFDQ NVDHXTJIlW IIOADTIXD iia^E^^ AELBIDIHFK7DSTRDQAANLMAKRGDHCR 
KLVEPQISEIJgHIgAAISHRIKT GKASIPIg EI^^ 

E GTVKEI iLQRGDMmQRITD ER KKKK I K i K QQZJXgKHKAMPIgSQRRKKAIi EISHQW YQYKRQ 

KCLDDIEKKLASLPEPRDERIOICE IDRE IQKKKEEI^^ 

SKFAQFRRLNFAQIETVHEEXMMVHXEDMF^ 

LFKQEESLK NIia>S«WSS(aaDIIHSKK33UU«SATPVERV^ 

RSVEKVmRFHYDXKXTNQWLXEAEQFLRKTQI^ DGIGQRQTWRTLNATGEEII 
QQSSKTDASILQEKLGSIJIXJElWQEVCKQIiSDRKI^^ 

GKEQQUCEKLEOVK IJ.VEEIOTRQGIIiKQI2IETGGPVI.VSAPISPEEQDK^ 

EKQGZIEhQlTJ>IJSQl£KB^ VQAKQPDVE 
EXLSKGQHLYKEKPATQF7KBKLE DL SSEWK AVMRLMEI JlftKQ PDL^^ 

XKETAXSKIiEHPSSI.MZ£VPAIADFIIIUV^^ ATHQDL 
EQHHPQI£ELITAAQI9XKNKTSNQEaBTXX^ 

EAEQVLGQAKAKLBSWKEGPOTVD AIQKKITETK QI J^I JMtWQTiryDVANPIALKm^ 

MITENINASWRSIHKRVSEREAAIEETHRIJWMFPIiD 

VK ELMKQWQDLQGEIEAHTimHNIJ)ENSQKIIJlSI£GSDDAV^^ 

EASSDQWKRIflLSiaELI^VWIOXCTDETi SI^ RAFKRELKTKEPVTMSTLETV I 

IFIiiI£QPI£6I£KLYQSFHHLPPEERAQNVTEa:iUa^^ 

EATDELDIJO^QAEVIKGSWQPVGDLLIDSLQDHLEKTK ALRGEIAPLKENVSHVNDLARQLTTLGIQLS 
PYNl^TLEDLNTRWKIMV^^^ 

TCWDHPKMf ELYQSIJUDIJiHVRFSAYiaaMKIJaRIQKAI^ 

INCIOTrrnrRIEQEHmiLVKVPLCTOMC^^ 

QVASSTGFCDQBMiGIXiaDSIQIPRQIXSEVASFGGSNICT 

SIIVWi;PViaRVAAAETaKHQA»aiICKECPrrGFRYI^ 

TPTTSGED^TRDFAKVIKHKFOTKRYF^^ 

DDIKSiaEHYASRL&EtfBI^NGSmYDSXSim^XDDEHXX^ 

EERGELERIIADLEEESRWI«AEYimTOQHEHKG^ 

RLSAIMQILEDHNKOI£SOT.HRT.T?QT.T.KOPOAE AKVNGTT VSS 

G£EDLIiSPPQDTST6I£EVHEQCNNSFPSSRGRNTPGKPHR£l^^ 
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